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PERENCANAAN DAN PEMBUATAN OSILOSKOF BERBASIS
KOMPUTER

Wanda Dwi Cahyadi

Fakultas Teknologi Industri, Jurusan Teknik Elektro S1, Institut Teknologi Nasional
Malang

E-mail : miwange2meifayahoo com

Abstraksi
Osiloskop ini terdiri dari rangkaian pemrosesan sinyal dan pengubah nilar
analog ke digital. Untuk tumpilannya digunakan computer dengan interface port
parallel, Prinsip kerjanva adalah dengan memproses sinyal — sinval analog yang
kendian di ubah kedalam milen — nilal digival. Nilat — rilai digital rersebut dikirim

kekomputer dun ditampitkan bentuk gelombangrya.

Ranghaian  pemrosesan  sinval mi terdind dari vangkatan  penyearah
velombang pentth presisi dun ranghatan pensampling sinyal (sample and hold). Nila
— wilai anaifog tersebul kemudian diubah ke bentuk digial agar dapat diproses oleh
compuier, Nilai - nilai digital tersebut mewakilt beniuk gelombang yang terjadi pada
tampilan di kenputer. Setelah pengufian, dapat digmbad kestmpulan bahwa alat ini
masth memiliki error kareng neise dari komponen maupun ranghaian  yang

digrunakan,

Kata Kunci : Osiloskop, sineg wave, ADC (1504,
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BABI
PENDAHULUAN

1.1  Latar belakang

~ Perkembangan ilmu pengetahuan dan teknologi memudahan aktivitas manusia
dalam berbagai aspek kehidupan. Salah satunya adalah osiloskop. Osiloskop adalah
alat ukur besaran listrik vang dapat memetakan simyal listrik. Osiloskop sangat

penting untuk analisa rangkaian elektronik.

Setiap orang biasanys ingin mengetahui hal — hal yang belum pernah di
cobanya. Banyak mahasiswa yang ingin mengetahui bagaimana prinsip kerja dari
rangkaiannya, bagaimana tentuk gelombang dari rangkaian yang 1a punya dan analisa
_ analisa vang lainnya tetapi tidak dapat di coba dikarenakan tidak mempunyai alat.
Sebagai contoh saja bila kita ingin mengetahuwi bentuk gelombang dari svatu
rangkaian, sangal kurang efisiennya bila kita mgin mencoba letapi harus membeli
osiloskop terlebih dahulu yang harganya relative mahal. Keterbatasan terscbut dapat

membuat kita menjadi tidak ingin untuk melakukan percobaan lebih jauh..

Osiloskop digital pada umumnya, dalam menampilkan bentuk gelombang
terlebih dahulu mensampling atau mencuplik sinyal analog dan menyimpan demikian
banyak nilai dan kemudian berhenti. Nilai-nilai tegangan tersebut disimpan bersama
sama dengan skala waktu gelombangnya di memon. Dengan menggunakan ADC
(Analog to Digital Converter) nilai — nilai tegangan yang dicuplik diubah ke besaran

digital. Pada prinsipnya, osiloskop digital hanya mencuplik dan menyimpan demikian




banyak nilai dan kemudian berhenti. la mengulang proses ini lagi dan lagi sampai
dihentikan. Bentuk pgelombang yang ditampilkan oleh osiloskop biasanya adalah
berbentuk sinus, kotak, segitiga dan pergaji tergantung inputan yang dibenkan.
Gelombang sinus adalah gelombang yang paling hakiki yang dapat menyusun
berbagai bentuk gelombang lainnya. Sebagai contoh gelombang kotak/persegi, pada
dasarnya juga adalah terdiri dar gelombang sinus dengan frekuensi tertentu sehagai
frekuensi fundamenta! ditambah dengan sangat banyak gelombang — gelombang
harmoninya. Dengan mengetahui prinsip tersebut penulis mencoba membuat
osiloskop sederhana tentunya dengan harga yang murah dan dengan komponen —

komponen yang mudah di dapat.

1.2 Rumusan Masalah

Diari latar belakang di atas maka permasalahan dari sekripst in1 adalah |

1. Bagaimana mengolah nilai — nilai analog menjadi besaran digital.
2. Bapaimana membual program agar dapat mengambil outputan dan

hardware yang kemudian dapat di tampilkan di computer.

1.3 Batasan Masalah

Permasalahan dan skripsi ini dibatasi pada :

1. Tegangan yvang akan di ukur adalah 0 — 5 volt.
2. Bentuk gelombang vang akan di tampilkan hanya gelombang sinus.

3, Osiloskop hanya mempunyai 1 channel.




4. Frekuensi yang digunakan 1 Khz,
1.4 Tujuan

Tujuan dari skripsi imi adalah membuat osiloskop sederhana dengan
komponen — komponen yang mudah di dapat dan memudahkan dalam menganalisa

bentuk gelombang,
1.5 Metodologi

Metodologi dari proyek akhir ini adalah :
1. Stwdi Lirerature.

Ini merupakan tehap awal mempelajari materi — materi yang akan digunakan

pada proyek akhir ini, dalam hal ini cara kerja osilloskop.
2. Perancangan Hardware.

Perancangan hardware adalah menggabungkan rangkaian — rangkaian yang di
perlukan schingga menjadi osilloskop. Adapun rangkaian yang di gunakan
yailu rangkaian penyearah gelombang penuh presisi, rangkaian sampling and

hold, rangkaian ADC 0804 dan rangkaian Auitiplexer.
3. Perancangan Perangkat Lunak.

Ini adalah sualu perancangan program untuk menampilkan bentuk gelombang

di computer mengpunakan program delphi?.




1.6

4. Pengujian dan Analisa.

Setelah kurdware dan software selesal di buat, maka dilakukan pengujian

dengan berbagai percobaan dan menganalisanya.

Sistematika Pembahuasan

Bab 1

Bab |1

Bab [1I

Bab IV

Bab 'V

Bab ini berisi tentang pendahuluan vang terdiri dari latar
belakzng, permasalahan, batasan masalah, tujuan, metodolog

dan sistematika pembahasan.

Rab ini menjelaskan teon penunjang yang dijadikan landasan
dan rujukan perhitungan dalam mengerjakan skripsi ini, antara
lain pemrosesan sinyal, Sampfe and Hold, Analog to Digital

Converter (ADC), port parallel, Multiplexer |

Hab i membahas tentang perencanaan dan  pembuatan

hardware dan software asiloskop.

Bab ini membahas tentang pengujian system osilloskop yang

telah di buat,

Bab ini berisi penutup vyang meliputi  kesimpulan dari
keseluruhan pengerjaan skripsi dan saram — saran untuk
memperbaiki  kelemahan system vang di  buat demi

pengembangan dan penyempurnaan di waktu mendatang.




BAB Il
DASAR TEORI

2.1. Pendahuluan

Pada bab ini akan dibahas mengenal teori penunjang darl peralatan vang

direncanakan. Pokok pembahasan pada bab ini adalah

1. Osiloskop Analog dan Digital..
2. Penyearah Gelombang Penuh Presisi.
3. Sample and Hold

4. Analog to Digital Converter (ADC) 0804

Ly

Multipfexer.

6. Mort Parallel,

2.2 Osiloskop Anaiog dan Digital

Dalam bidang clckironika, osiloskop merupakan instrumen ukur yang memiliki
posisi yang sangal vital mengingat sifatnya yang mampu menampilkan bentuk
selombang yang dibasilkan oleh rangkaian yang sedang diamati. Dewasa ini secara
prinsip ada dua tipe osiloskop, yakni tipe analog (ART - analog real time
oscilloscope, | dan tipe digital (DSO - digital storage osciloscope), masing-masing

memiliki kelebihan dan keterbatasan.




1. Osiloskop Analog
Cara kerja dari osiloskop analog adalah sinyal tegangan mengalir dan probe
menuju ke pengaturan vertikal dari sebuah sistem osiloskop { Vertical System )
seperti terlihat pada gambar 2.1. Sebuah Awenuator akan melemahkan sinyal
tepangan masukan sedangkan Amplifier akan menguatkan sinyal tegangan masukan.
Pengaturan ini ditentukan pada saat menggerakkan kenop "VoltDiv" pada user

interface Osiloskop.

TR Saouwr L

Gambar 2.1 Prinsip Kerja Osiloskop Analog
Sumbher : mater-elektro-osilogkop-oscilloscope. html

Tepangan yang keluar dari sistem vertikal lalu diteruskan menwju Pelaf
Defleksi vertikal pada scbuah CRT [ Catode Reay Tube) | sinval tegangan vang
dimasukkan ke pelat ini aantinya akan digunakan oleh CRT untuk menpgerakkan
berkas — berkas elektron secara bidang vertikal saja ( Ke atas atau ke bawah ).
Sampai pada penjelasan ini dapat di simpulkan bahwa vertical system pada osiloskop

analog adalah untuk mengatur penampakan amplitudo dari sinyal yang diamati.




Kemudian sinyal masuk ke dalam plal deflekst vertifkal. Sinyal tegangan yang
tefaplikasikan disini menyebabkan berkas — berkas elektron bergerak, Tegangan
positif mengakibatkan berkas elcktron bergerak keatas, sedangkan tegangan nepatif
menyebabkan elekiron terdorong kebawah
Sinyal vang keluar dari vertikal sytem tadi juga diarahkan ke trigger system untuk
memicu sweep penerator dalam menciptakan apa yang disebut dengan "Horizontal
Swegp',

Pengaturan beberapa kali elektron bergerak menyebrangi layar inilah yang
dapat kita anggap sebagai pengaturan periode / frekuensi yang tampak pada layar,
bentuk konkretnya adalah saat kita menggerakkan kenop Time/Div pada Osiloskop.

Bersama, pengaturan bidang vertikal dan horizontal ahirnya dapat
merepresentasikan sinyal tegangan yang diamati kedalam bentuk grafik seperti pada

gambar 2.2,

Gambar 2.2 bentuk geombang hasil dari bidang vertikal dan horizontal
Sumber : materi-elekiro-osiloskop-oscilloscope html

-y




2. Osiloskop Digital

Dalam sebagian besar osiloskop digital, sinyal masukan yang sedang dikur
perfama kali akan melewati sebuah pelemah (attenuator) dan penguat depan
(preamplifier). Bagian-bagian ini memang serupa dengan bagian pada osiloskop
analog, yang merupakan bagian kevil fungsi analog dari scbuah osiloskop digital,
Pemberhentian sinyal yang berikutnya adalah pada ADC (analog todigital
conversion) yang tak terdapat pada osiloskop analog. Setelah sinyal masukan di
sampling ( diambil nilainya dengan dicuplik secara berkala ), data — data tersebut lalu
di digitalkan dan kemudian disimpan bersama skala waktu gelombangnya di dalam
memori. Pada prinsipnyz osiloskop digital hanya menyuplik dan menyimpan
demikian banyak nilai kemudian berhenti. Proses ini diulangi terus sampai osiloskop

dimatikan.

2.3 ADC (Analeg te Digital Convertér)

Analog to Digital Converter {ADC) adalah sebuah piranti yang dirancang
untuk menpubah besaran analog menjadi besaran digital. 1C ADC 0804 dianggap
dapat memenuhi kebutuhan dari rangkaian yang akan dibuat. IC jenis ini bekerja
secara cermal dengan menambahkan sedikit komponen sesuai dengan spesifikasi
yang harus diberikan dan dapat mengkonversikan sccara cepat suatu masukat
tegangan, Hal-hal yang jugs perlu diperhatikan dalam penggunaan ADC ini adalab
tegangan maksimum yang dapat dikonversikan oleh ADC dari rangkaian pengkondisi
sinyal, resolusi, pewakiu eksternal ADC, tipe keluaran, ketepatan dan waktu

konversinya.




ADLCUHLE

TE—1 20— Vee
RD— 2 19— CLK R
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Gambar 2.3 Konfigurasi PIN ADC 0804
Sumber : www.datasheat,com

Beberapa karakteristik penting ADC:

1. Wakiu konwversi
2 Resolusi
3. Ketidakhinicran

4, Alurasi,

Ada banyak cara yang dapat digunakan untuk mengubah sinyal analog
menjadi sinyal digital yang nilainya proposional, Jems ADC yang biasa digunakan
dalam perancangan adalah jenis swmecessive approximation convertion  alau
pendekatan bertingkat yang memiliki waktu konversi jauh lebih singkat dan tdak
tergantung pada nilai masukan analognya atau sinyal yang akan diubah. Dalam

CGambar 2-2 memperlihatkan diagram blok ADC tersebut.
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Gambar 2.4 Diagram Blok ADC
Sumber ; www.datasheet.com

Secara singkat prinsip kerja dari konverter A/ adalah semua bit-bit diset
kemudian diuji, dan bilamana perlu sesuai dengan kondisi yang telah ditentukan.
Dengan rangkaian yang paling cepat, konversi akan diselesaikan sesudah 8 clock, dan

keluaran D/A merupakan nilai analog yang ekivalen dengan nilai register SAR.

Apabila konversi telah dilaksanakan, rangkaian kembali mengirim sinyal
sclesai konversi yang berlogika rendah. Sisi turun sinyal ini akan menghasilkan data
digital vanp ckivalen ke dalam register buffer. Dengan demikian, keluaran digital

akan tetap tersimpan sekalipun akan di mulai siklus konversi yang baru.

IC ADC 0804 mempunyai dua masukan analog, Vin (+) dan Vin (-). sehingga
dapat menerima masukan diferensial. Masukan analog sebenarmya (Vin) sama dengan
selisih antara tepangan-tegangan vang dihubungkan dengan ke dua pin masukan yaitu
Vin= Vin (+) - Vin (-). Kalau masukan analog berupa tegangan tun seal tepangan 1m
harus dihubungkan dengan Vin (+), sedangkan Vin (-} digroundkan. Untuk operasi

normal, ADC 0804 mengzumakan Vee = +5 Volt sebagai tegangan referensi. Dalam

10




hal ini jangkauan masukan analog mulai dari 0 Volt sampai 5 Volt (skala penuh),

karena IC ini adalah SAC 8-bit, resolusinya akan sama dengan

=196 mifolt

sk
Resolusi = [ttgangam ala peruh ] " 5 Velt

-1 255

(n menyatakan jumlah bit keluaran biner [C analog fo digital converter)

IC ADC U804 memiliki generator cfock internal yang harus diaktifkan dengan
menghubungkan sebuah resistor ekstemal (R} antara pin CLK OUT dan CLK IN
serta sebuah kapasitor eksternal (C) antara CLK IN dan gronnd digital. Trekuensi

clock vang diperoleh di pin CLK OUT sama dengan

Untuk sinyal clock ini dapat juga digunakan sinyal cksiernal yang
dihubungkan ke pin CLK IN. ADC 0804 memilik 8 keluaran digital sehingga dapat
langsung dihubungkan dengan saluran data mikrokompuler, Masukan (chip select,
aktif rendah) digunakan untuk mengalktifkan ADC 0804. Jika berlogika tinggm, ADC
0804 tidak aktil (disable) dan semua keluaran berada dalam keadaan impedansi
tinggl.

Masukan (write afau start convertion) digunakan untuk memulal proses
konversi. Untuk itu harus diberni pulsa logika 0. Sedangkan keluaran (interrupt
atauend of convertion) manyatakan akhir konversi. Pada saat dimulal konversi, akan

berubah ke logika 1. i akhir konversi akan kembali ke logika 0.
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2.3.1 Mode Operasi ADC0O804
1. Mode Opersi Kontinyu

Agar ADCO804 dapat dioperasikan pada mode operasi kontinyu (proses
membaca terus menerus dan tanpa proses operasi jabat tangan), maka penyemat CS
dan RD ditanahkan, sedangkan penvemat WR dan INTR tidak dihubungkan
kemanapun. Prinsip kerja operasi kontinyu ini yaitu ADC akan memulai konversi
ketika INTR kembali tidak aktif (logika *1"). Setelah proses konversi selesal, INTR
akan aktif (logika *07). Untuk memulai konversi pertama kali WR harus ditanahkan
terlebih dahulu, hal ini digunakan untuk mereset SAR. Namun pada konversi
berikumya untuk mereset SAR dapat menggunakan sinyal INTR saat aktif (logika

“0°) dan mulai konversi saat tidak aktif {logika *17).

Ketika selesai konversi data hasil konversi akan dikeluarkan secara langsung
dari buffer untuk dibaca karena RD ditanahkan. Saat sinyal INTR aktif, sinyal ini
digunakan untuk me-reset SAR. Saat INTR kembab tidak aktif (logika “17) proses

konversi dimulai kembal,
2. Mode Operasi Hand-Shaking

ADCO0804 dioperasikan pada mode hand shaking . Agar ADC dapat bekerja,
CS harus berlogika ‘07, Ketika WR berlogika “0°, register SAR akan direset,
sedangkan ketika sinyal WR kembali “1°, maka proses konversi segera dimulai.
Selama konversi sedang berlangsung, sinyal INTR akan tidak akuf (berlogika "17),

scdangkan saat konversi selesal ditandai dengan aktifiya sinyal INTR (logka “07).
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Selelah proses konversi selesal data hasil konversi tetap tertahan pada buffer
ADC. Data hasil konversi tersebut akan dikeluarkan dengan mengirim sinyal RD
berlogika ‘0°. Setelah adanya sinyal sinval RD ini, maka sinyal INTR kembali tidak

aktif,
2.4 Parallel Port DB25

Parallel port adalah porl yang paling banyak digunakan dalam terfacing
dengan berbagai macam peralutan eksternal. Secara umum parallel port terdiri dari 4
jalur kontrol, 5 jalur status dan 8 jalur data seperti ditunjukkan dalam Gambar 2.3,
Hubungan pengkabelan vang umum digunakan yaitu konektor tipe DB25 seperti
ditunjukkan dalam Gambar 2.4. Konektor DB25 merupakan konektor yang paling

banyak dijumpai pada paralel port PC, sedangkan konekfor centronic dijumpai pada

printer.
Data Pert Seatus Mort Camtval Port

D7 % DOsta 1 07 (e Dus 3 07— Resared
[y —a= Clata & [ pol——— D6 p——— Raasyved
Dhit—m Data C5 lm——— FE D5 |——a Diseclian
Dd p——8 Diaia 4 D g Sallet [ ——=1R0) Ennble
Da |———m= Dala3 Cr3 |m—— Enwr 03 .= T
D p——= Data D fm——— THJ 03 f—a=iNIT
Dl [—®= Cala ]| Paseroed Db ——e Aiialoed
Ot |——= Diatall D0 b Passrved D) §———tm= SToCht

Gambar 2.5 Port-port dulam Paralel Port
Sumber : www.datasheet.com
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Gambar 2.6 Susunan pin eksternal soket DB-25 female pada port parallel PC ITEM
Sumber : www.datashect,com

Ma Ie Female

Gambar 2.7 Bentuk Fisik DB-25
Sumber : www.datasheel.com

Paralel port yang telah distandarisasi dibawah standard TEEE 1284, pertama

diperkenalkan pada tahun 1994 Standard tersebut didefimsikan dalam 5 mode

operasi, yaitu,

[

ol

hos

L

. Mode kompabilitas (Compubility Mode)

Mode 4 bit (Nibble Mode)

Mode 8 bil (Byre Mode)

Mode parallel port lanjutan (Enfitnced Paralel Fort-EFPF)

. Mode kapabilitas diperluas ( Extended Capability Port-ECE)
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Konfigurasi parallel port

Tabel 2-1 Pin Cut Parallel Port
PN | FUMLTIO0N TYPE
L. |stooee CCHTROL
- DATABITO = = oUTRUI
| 5 |paTaEmi . OUTPLT
"4 |oaTREnm: oUTRUT
5 |berazima - auTPUT
B, | DATAEITA " _ OUTPUT
7. |peTABITS DUTRLT
A DRTABLTE CLITRUT
9% |oataEmT? SUTRUT
i0. | JONOWLEDGE B SIATUS
VR L= B STATUS
12, |FF. FAPER TRAY EMPTY STAILS
15, | FRINTER OR-LINE . SThS
13, | AUTH LINGFEED AFTER (CR) CARRIAGE RETLRN | ConTROL
I5. |PRINTER EARCR STATUS
16, |MITIALREPRINTER COMTROL
L7, | SEEGT/DESELECT PRINTER COMTROL
16-25, | JMUSED|GROULND

Sumber : www.{jatash&l.éom

Tabel Pengalamatan Parallel Port

'T'able 2-2 Port Data

’s_gifset Manve Read/Write Bt No. Properties|
Base + 0[Data Port[write (Note-1)| BE7 | BE?
' | BRG | Data6
l I. | Bt5 | Daas
| Bt4 | Datad |
| B3 | Dota’
btz | Data2
. bl | Datal
' |. _ | ORD | Data®

Sumber @ www.datasheel.com

Table 2-4 Port Status
| Offset | Name [Read/Write it Ko Propertics
Base + 1 [Status Port] ReadOrnly | BR7 |  Busy
it & Ack
BitS | Paper Out
AE4 | SelectIn
1 Bk 3 Error
Eit2 | IRQ (Not)
Eit | | Reserved
Bit0 | Reserved |

Sumber : wywalatasheet.com




Table 2-5 Port Kontrol

Dffset | Name [Read/Write Bit No. Properties
Base + 2|Cantrol Port| Fead{Writer | 8ic 7 Unused

86 |  Unused

Bl 5 |Enable Bi-Directional Port

Bit 4 | Enable [RO Yia fck Line

B3 |  SelectPrinter |
Bt 2 | Indtialize Prirter (Reset)

| Bit 1 | Auto Linefeed |
Bt 0 Strobe.

Sumber ; www.datlasheet.com

2.5 Operasional Amplifier (Penguat Operasi)

Penguat operasional atau op-amp adalah rangkaian elekironik yang dirancang
secara khusus sehingga dengan manambahkan komponen luar sedikit saja dapat
dipakai untuk berbagai keperluan. Dengan teknologi rangkaian terpadu (1C) yang
telah ditingkatkan, op-amp dalam bentuk kemasan IC menjadi jauh lehih mudah dan

murah dan amat luas pemakaiannya.

Op-amp 1C adalah piranti solid state yang mampu mengindra dan memperkuat
sinyal masuk baik AC maupun DC. Op-amp dirancang untuk melaksanakan tugas-
lugas matematis seperti pengurangan, penjumlahan, perkalian dan pembagian.
Harganya yang murah, mudah diganti-ganti, dan sifatnya yang dapat di andalakan

telah memperluas penggunaaniiya.

Op-amp mempunyai lima rermnal dasar: dua untuk supply daya, dua untuk

isvarat masukan, dan satu untuk keluaran.
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Gambar 2.6 merupakan simbol skema op-amp mempunyai dua mput Input
membalik (inverting) atan (-) dan input tak membalik (non inverting) atau (i}
Mempunyai satu output. Op-amp umumnya diberi daya oleh catu daya berpolaritas
kembar, biasanya dalam daerah £5 hingga + 15 volt. Namun dalam praktek jalur
hubungan catu daya biasanya dihilangkan. Hubungan daya mudah dipahami,

hubungan-hubungan kaki lainnya belum tentu terpakal semuanya,

Termiual cam tegangn postif |
L'd.d,ik selala diperlibathaa b

ateu peuganuran rol (tidak selalu djpﬂEut'rknn]_i

Gambar 2.8 Simbol Skematis Op-Amp standart
Samber : www.elehitronile con
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Gambar 2.9 Skematic Diagram Op-Amp 741
Sumber : www eleklrontka com




Tipe op-amp atau ncmor produk berada ditengah-tengah segitiga. Idealnya
penguatan op-amp adalah tak berhingga, namun kenyataan penguatan op-amp hanya
mencapai kurang lebih 200,000 dalam modus Tup terbuka Dalam keadaan demikian
tidak ada umpan balik dari keluaran menuju masukan. Dalam rangkaian praktisnya,
ada perhedaan tegangan sedikil saja pada masukan-masukannya akan menyebabkan

tegangan keluaran berayun menuju tegangan maksimum catu,

Tegangan maksimum keluaran lebih 90% uegangan catu, karena ada tegangan
jatuh internal pada op-amp. Keluaran dikatakan barada dalam keadaan saturasi
(jenuh), dan dapat dinyatakan (salah satu) sebagai +V , atau -V, . Sebagai contoh,
rangkaian op-amp dalam modus lup terbuka dengan catu + 15V akan menghasilkan
ayunan keluaran antara —13,5V sampai +13,5V. Dengan tipe rangkaian scperti ini op-
amp akan tidak stabil, keluaran akan 0 voit untuk selisth masukan O volt juga, tapi
bila ada sedikit beda tegangan pada masukan-masukannya, maka keluaran akan
berady pada salah saw dari kedua level tegangan diatas. Modus lup terbuka terulama

dijumipai pada rangkaian pembanding tegangan.

Keserbagunaan op-amp dipuktikan dalam penerapannya pada berbagai tipe rangkain
dalam modus lup tertutup. Komponen-komponen luar di gunakan untuk memberikan

umpan balik keluaran pada masukan pembalik.

Penguatan lup tertutup dapat dikendalikan pada suatu nilai terientu dalam

rangkaian praktis. Perbandingan resistansi R, terhadap R, menentukan penguatan

rangkalan-rangkaian,
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Bila R ;dan R, sama bcsar, maka penguatan sama dengan satu. Hubungan

langsung dari keluaran menuju masukan juga menghasilkan penguatan satu.

2.5.1 Inferting Amplifier (Penguat membalik)

Pada gambar 2.7 adalah merupakan op-amp yang terangkai sebagai penguat
inverting. Sinval input disuapkan ke mput inverting (-) op-amp melalul tahanan R
yang discbut clemen input. Tahanan R . merupakan elemen umpan balik. Tegangan
antara input {(+) dan (-} pada dasarnya sama dengan OV, Penurunan tegangan melalui

5

R, adalah E . Arus [ vang mengalir melahn R adalah I ZJT

Seluruh masukan | mengalir melalui R ,, disebabkan jumlah yang dialirkan
oleh terminal masukan (-) nya dapat diabaikan. Arus yang melalui R , ditentukan oleh

R, dan I, dan bukan oleh R . V  atau op-ampnya.

Penurunan tegangan yang melalui R - adalah

Vy=IxR,= *R,

Gambar 2.10 Penguat inverting
Sumber : www.elcktronika.com
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Satu ujung R ,dan satu ujung R, beban telah dihubungkan. Tegangan dari
hubungan tersebut ke ground adalah V. ujung R (dan R, yang lain berada pada

posisi ground. Karena itw, V, menyamai V ,, dan menambah tanda minus.

Sehingga akan didapat

Gain untaian tertutup dari penguat tersebut sebagai A, . adalah

_Vﬂ_RJ'
g= =y

‘
Tanda minus menandakan bahwa polaritas keluaran V, terbalik terhadap
input
E,. Olch karenanya rangkaian tersebut dinamakan rangkaian pembalik.
2.5.2 Buffer
Rangkaian buffer adalah rangkaian vang inputnya sama dengan hasil
outputnys. Dalam hal ini seperti rangkaian common colektor vaitu berpenguatan = 1,

Rangkaiannya seperti pada pambar 2.8

— Yo

5

Gambar 2.11 Rangkaian Butter
Sumber : Rangkaian Op-Amp.pdf
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Nilai R yang terpasang punanya untuk membatasi arus yang di kelvarkan, Besar
nilainya tergantung dari indikasi dari komponennya, biasanya tidak dipasang alias

arus diraksimalkan sesuai dengan kemampuan op-ampnya,

2.6 CD 4016

Type series CD4016 adalah switch yang di gunakan untuk ftransmisi atau
mudtiplexing dari sinyal digital atau analog Di dalam IC tersebut terdapat 4 switch
vang mana masing-masing switch terdiri satu masukan dan satu keluaran yang
mempunyai satu pengontrol masuk yang secara serempak menyimpangkan kedua-
duanya 0 dan 1. Kedua kondisi tersebut di dalam switch dinyatakan dengan * ON*

atau “ OFF “

(] 14
__
]
(W 71N ey i|:[|||'.|T|=|:|-.J.
i 12
(TR m foeee TR D
; L 1
14/0W0 1M1 Y
]
CONTROL [ : LT
f
i @J‘L .

Gambar 2.12 Konfigurasi Pin CD 4016
Sumber : www.dalasticet.com




CONTROL — D.{:
IN/OUT {;}: OUTAN
T

Gambar 2.13 Skematik Diagram [C CD 4016BC
Sumber : www datasheet.com

2.7 Mudtiplexer IC T41.5157

IC 7418157 adalah IC multipfecer yang mempunyai 8bit inputan dan 8bit
outputan, Keluaran 8bit tersebut di bagi per 4bit — 4bit. Pada outputan multiplexer im
dikontrol oleh satu pengontrol yang jika saat diberi logika high maka outputan 4bit
pertama atau 4bit ni-lai rendah {LSB) yang akan dikeluarkan. Jika diben logika high

berikutnya maka 4bit kedua atau 4bit MSB yang akan dikeluarkan,

Cumi-iA-Ling Peckages
LTS BT

STMmBE . A UEAT CRET P T
'l'c_i: L= o L W, -k 1 ik
B |15 18 LB LFS 11 10 {=
. 2 E] - & = F ln
-u-'l.:‘zl:-r ol B w1 fat L ::’ : L
= R -CTETS ria T ———————
B TS byt IMFUT S il

Gambar 2.14 konfigurasi 1C 7418157
Sumber : www.datasheel.com
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Gambar 2.15 Diagram Logic dari IC 741s157
Sumber : www.datasheet.com

Pin 2,5.11,14 schagai inputan 4 bil LSB.
Pin 3,6,10,13 sebagai input 4 bit M5B,

Pin 1 sebagai pengontrol keluaran data 4bit.
Pin 15 sebagai sfrobe Crround.

Pin 4,7 9,12 sebagai outpuian 4 bit.

Pin 8 scbagai ground.

Pin 16 sebagai Vee.

2.8 Dioda

Dioda merupakan salah satu kemponen elektronika yang termasuk komponen

aktif Dibawah ini merupakan gambar vang melambangkan dioda penyearah,
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P H

-

Anoda kakoda
Gambar 2.16 Simbol Dioda

Sisi P disebut Anoda dan sisi N disebut Katoda. Lambang dioda seperti anak
panah yang arahnya dari sisi P ke sisi N, Karenanya ini menginpatkan kita pada arus

konvensional mudah mengalir dari sisi P ke sisi N.

Dalam pendekatan dioda ideal, dioda dianggap sebagai sebuah saklar tertutup
jika diberi bias forward dan sebagai saklar terbuka jika diberi bias reverse. Artinya
secara ideal. dioda berlaku seperti konduktor sempurna (tegangan nol) jika dibias

forward dan seperti isolator sempumna (arus nol) saat dibias reverse.

Untuk pendekatan kedua, dibutuhkan tegangan sebesar 0.7 V sebelum dioda
silikon konduksi dengan baik. Dioda dapat digambarkan sebagas suatu saklar vang
diseri detigan tegangan penghambat (1,7 V. Apabila tegangan sumber lebih besar dari
(1.7 V maka saklar akan tertutup. Sebaliknya apabila tegangan sumber lebih keeil dan

(.7 V maka saklar akan terbuka.
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BAB I
PERANCANGAN DAN PEMBUATAN ALAT

3.1. Pendahuluan

Pada bab ini akan dibahas perancangan dan pembuatan alat. Pembahasan akan
dilakukan pada setiap blok rangkaian, cara kerja masing-masing blok rangkaian,
perhitungan dan fungsi masing-masing blok rangkaian tersebut. Secara garis besar

terdapat dua bagian perangkat yang ada yaitu :

% Perancangan perangkat keras (Hurdware).
% Perancangan perangkat lunak (Soffware).

Pada perancangan perangkat keras akan melipuit selurub blok rangkaian vang
digunakan pada sistem ini. Pada perancangan perangkat lunak akan meliputi diagram
alir dan software secara umum. Akan tetapi kedua perangkat ini dalam kerjanya akan
saling menunjang satu sama lain.

Pada perangkat keras sendiri terdiri dari beberapa rangkaian antara fain.
rangkaian penyearah gelombang penuh presisi, rangkaian sumple and hold, rangkaian
Analog to Digital Converter [ADC), Multiptexer, dan paraflel interface. Pada
perancangan perangkat lunak akan meliputi diagram alir dan soffware secara umum,
3.2. Perancangan Perangkat Keras

Perancangan perangkat keras yang direncanakan meliputi, blok diagram

kescluruhan dan prinsip kerja alat, pembuatan skema seluruh rangkaian yang
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direncanakan, penghitungan nilai komponen yang digunakan, dan perakitan seluruh
komponen.

3.2.1 Blok Diagram

INPUT
|
Y
Rangkaian Penyearah |
Gelombang Penuh
Presisi |
,
|Rangkaian Sample
| .‘—
|_ and Hold ‘

o

|-ﬁ.DE 0804 |fe—o

Multiplexer = ——!

N T J
Port Parallel = C—
: A

= S
Computer

11

Gambar 3.1 Diagram Blok Sistem
Fungsi masing — masing diagram blok :
% Rangkaian Penycarah Presisi Gelombang Penuh

Berfungsi untuk menyearahkan sinyal dan tegangan dibawah batas tcgangan

dioda.




» Rangkaian Sample and Hold
Berfimgsi sebagai switch transmisi sinyal analog dan digntal.
# ADC (0804
Berfungsi sebagai pengubah nilai — nilai analog ke nilai — nilai digital.

Multiplexer TALS157

¥

Berfungsi sebagai outputan 8 bit yang di interface kan kekomputer secara 4hit

— dbit.

3.2.2. Prinsip Kerja Hardware

I'egangan 0 — 5 volt dilewatkan rangkaian penycarah gelombang penuh presisi
dimaksudkan agar tegangan dibawah 0,6 volt dapat disearahkan oleh dioda. Untuk
mengkonversi nilai analog, ADC membutuhkan tegangan yang stabil dan beberapa
waktu vang ditentukan, maka digunakan rangkaian sample and hold Rangkaian im
akan menyampling masukan analog dan melakukan hold konstan sampal masukan
berikutnya. Rangkaian ini akan melakukan hold sampling pada kapasitor berkualitas

tingei, vang di fuffer oleh sebuah pengual operasional.

ADC akan memulai pengkonversian setelah pin WR diberi pulsa high. Setelah
pengkonversian selesai, pin INTR yang scring disebut juga EOC {End Of
Conversion) akan mengeuarkan pulsa aldif sehingpa bias menjadi pemicu bagi pin
RD untuk memulai membaca hasil konversi. Pin R akan memulai membaca hasil

konversi selelah diberi pulsa mgh.

27




Ic multiplexer akan menerima inputan 8 bit dari ADC yang kemudian di
interface kan melalui parallel port ke komputer. Data 8 bit terscbut akan di interface
kan 4hit — 4bit secara bergantian dengan dikontrol melalui pin select. Program Delphi
akan membaca nilai 4bit pertama sebagai nilai bit LSB (Least Signmificant Bit)
Kemudian membaca daia 4bit selanjutnya sebagai nilai bit MSB (Most Significant
Bit). Kemudian lewat software pergantian data 4bit tadi akan di rekonturksi ulang

menjadi 8 bit kembali.

3.2.3. Rangkaian Penyearah Gelombang Penuh Presisi

Gambar 3.2 Rangkaian Penyearah Gelombang Penuh Presisi
Rangkaian ini mempergunakan tahanan — tahanan yang sama dan mempunyai
resistansi masukan vang sama. Adapun komponen lain yang digunakan adalah 2 hush
diode dan 2 buah Op — Amp. Gambar 3.3 memperlihatkan arah arus dan polaritas
tegangan untuk isyarat — isyaral masukan positif. Diode | dialin sedemikian rupa
schingga dua op-amp A dan B bekerja sbagai pembalik dan Vo — +E; Tahanan —

tahanan pada rangkaian ini ditetapkan sebesar 330 ohm dan menggunakan diode 1A,
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Pada gambar terlihat arah arus melewati R;. Dengan menggunakan rumus

hukum ohm maka :
i E1l 3.1
— R'l EEERIRERFEEEE ] A » { - }
5 volt ~
= = |5 mA
330

Setelah melewati R; kemudian menuju ke Ry Armus yang melalu R;

ditentukan oleh R, dan E,, sehingga penurunan tegangan yang melalui R; adalah :

El
Vi = I.X.Rz 3 ‘E X RE 7 P (3.2]

Vez= 15 x 330 =495 volt

Untuk outputan (Vo) dari penguat inverting dapat dihitung dengan rumus |

Ry
VO =F] 7 cvsnsiisssmnnrrmmssssssmssninnn (3.4)
Ry

330

7330

=5 volt

Jadi Vi sama dengan Vo yaitu 1 volt. Tanda minus menandakan bahwa
polaritas keluaran V, terbalik terhadap mput.
Pada rangkaian terdapat 2 buah dioda yang berfungsi sebagai penyearah,

Berikut adalah gambar bentuk gelombang yang telah disearahkan.
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Gambar A menunjukkan gelombang vang belum disearahkan atau gelombang
inputnya dan gambar B merupakan gelombang yang telah disearahkan oleh

penyearah gelombang penuh.

3.3.3 Rangkaian Sample and Hold

Rangkaian ini terdiri dari 2 op -~ amp LM 741 yang berfungsi sebagai buffer
dan IC CD 4016 yang digunakan mensample and hold sinyal. Gambar 3.4 merupakan

rangkaian sample and hold.

s mmmﬂmﬂmd —_—

1 - 1 C
2 I
} 3l
| i : 4y rem s e
: E ] |
T ~

Gambar 3.3 Rangkaian Sample and Hold

IC CD 4016 merupakan Quad Bilateral Switch (4 tombol saklar) vang masing —

masing saklar mempunyai satu pengontrol. Kelebihan IC ini adalah dapat
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mensampling sinyal anaslog dan melakukan hold konstan sampal

penyamplingan berikutnya.

Berikut adalah bentuk gelombang yang disampling

Gambar 3.4 hasil penvamplingan

3.3.4 Rangkaian Analog to Digital Converter (ADC) 0804

ADC 0804 menggunakan Vee = +3 Volt sebagai tegangan referensi. Dalam

hal ini jangkauan masukan analog mulai dari 0 Volt sampai 5 Volt (skala penuh),

karena IC ini adalah SAC 8-bit, resolusinya akan sama dengan

begangan slala penubh § 0 Vol s
Besclun = a_;—P — = g_i__‘ = 1%.6 mWolt
%, L= ! )

(n menyatakan jumlah bit celuaran biner IC analog (o digiral converier)
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Gambar 3.5 Rangkaian ADC 0304

Nilai high untuk keluaran ADC & bit adalah 11111111 atau hexanya adalah
FF atau sama dengan 255 byte, 1 bit berarti 255 / 8. Untuk mengetahui nilat digital

saal tegangan 12,34, dan S volt dapat menggunakan perhitungan sebagai berikut -

Tegangan referensi : 3

255/ 5=>71

% Untuk tegangan 1 volt 1 51 x 1 =351
Binernya = 001 10011
Hexanya = 33

# Untuk tegangan 2 volt: 51 x2 =102
Binernya=01100110
Hexanya = 66

7 Untuk tegangan 3 volt: 51 x3 =133
Binernya = 10011001

Hexanya = 99
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¥ Untuk tegangan 4 volt : 51 x4 =204
Binemnya — 11001100
Hexanya =CC

¥ Untuk tegangan 5 volt ; 51 x 5=253
Binernya= 11111111

Hexanya = FF

Berikut ini adalah tabel biner dan hexa untuk data 4 bit.

Table 3-1 Tabe! Kebeparan

Decimal Biner hexa

% 0ooL 1

2 a010 2

3 0011 3

4 100 4

5 (101 5

5 0110 6

7 0111 7
§ 1000 8

9 1001 5

10 1010 Wi
11 1011 B

12 1100 e
13 1101 5

14 1110 E

15 1111 F

3.3.5 Rangkaian Multiplexer

Prinsip kerja dari rangkaian ini adalah saat pin 1 (strobe) diben kondisi high

maka IC akan mengambil data melalui pin 2{A1), 5{A2), 11(A3) dan L4(Ad). Pada

Lid
(]




saat pin 1 diberi kondisi high kembali maka IC akan mengambil data yang terdapat
pada pin 3(B1), 5(B2), 10(B3) dan 13(B4). Untuk pengiriman datanya per 4 bit.

Kemudian dengan software data 4bit - 4bit tersebut di kontruksi ulang menjadi 8bit

an &

uﬁr

&1 6|

Al an

B.1-“I:I:I
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I |
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Gambar 3.6 Diagram Logic dari IC 74L8157
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BAB IV

PENGUJIAN ALAT

Tujuan pengujian glat ini adalah untuk menentukan apakah alat yang telah
dibuat berfungsi dengan baik dan sesuai dengan perancangan. Pengujian dilakukan
dengan cara menguji rangkaian setiap blok secara terpisah. Pengujian setiap blok ini
dilakukan untuk mempermudah analisis apabila alat ini tidak bekerja sesuai dengan
perancangan,

Dalam pelaksanaan pengujian dilakukan dengan dua cara yaitu secara
perangkat keras dan perangkal lunak. Secara perangkat keras dilakukan melalui
pemeriksaan sambungan pengawatan dan pengukuran dengan alat ukur. Sedangkan
pengujian perangkat lunak. pengujian dilakukan melalui pembuatan saftware dan

hasilnya diamati pada computer. Pengujian im dibagi menjadi:

|. Pengujian Rangkaian Penyearah Gelombang Penuh Presisi.
2. Pengujian Rangkaian ADC 0804,

3. Pengujian Keseluruhan

4.1 Pengujian Rangkaian Penyearah Gelombang Peauh Presisi.

4.1.1 Tujuan
Untuk mengetahui sinval saat tegangan diatas dan dibawah batas tegangan

diode dan untuk mengetahui apakah Op — Amp dapat bekerja dengan baik.
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4.1.2 Peralatan yang digunakan

1.  Rangkaian Penyearah Penyearah Gelombang Penuh Presisi.

2. Osiloskop.
3. Multimeter Digital.

4,  Tepangan AC ) -5 volt.

4,13 Prosedure Pengujian

Langkah — langkah pengujian adalah sebagai berikut :

1.  Merangkai rangkaian penyearah gelombang penuh presisi seperti pada

gambar 4.1.

win (:—f_,:l

s le-i
|

i

Gambar 4.1 Rangkaian Penyearah Gelombang Penuh Presist

2. Mcmberikan Inputan sebesar 0 — 5 volt.
3, Menghubungkan multimeter dan osiloskop pada tegangan inputan, rangkaian
penguat inverting dan rangkaian buffer secara bergantian guna mengetahui

tegangan vang akan diukur dan mengetahui bagaimana bentuk gelombangnya.

4 Hasil pengujian terdapat pada multimeter digital dan ostloskop.

£




4.1.4 Hasil Pengujian

Gambar 4.2 merupakan hasil pengujian untuk tegangan input 4 volt

CGambar 4.2a Hasil dan Pengukuran Gambar 4.2b Hasil dari Pengukuran
Tegangan Input Rangkaian Inverting ke-1

Gambar 4.2¢ Hasil dari Pengukuran (iambar 4.2d Hasil dari Pengukuran
Rangkaian Inverting ke-2 Rangkaian Buffer

Gambar 4.3 merupakan hasil pengujian untuk tegangan input 3 volt

£

Gambar 4.3a Hasil dari Pengukuran Gambar 4.3b | lasil dari Pengukuran

Tegangan Input Rangkaian Inverting ke-]
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Gambar 4.3¢ Hasil dari Pengukuran Gambar 4.4 | lasil dariPengukuran
Rangkaian Inverting ke-2 Rangkaian BulTer

Gambar 4.4 merupakan hasi. pengujian untuk tegangan input 2 volt

.- gew e o s

Gambar 4.4a 1 lasil dari Pengukuran CGambar 4.4b Hasi dari pengukuran
Tegangan Input Rangkaian Inverting ke-1

Gambar 4.4c Hasil dari pengukuran Gambar 4.4d Hasil dari Pengukuran
Rangkaian Inverting ke-2 Rangkaian Bufter




Gambar 4.5 merupakan hasil pengujian untuk tegangan input | volt

e

& F-N-N N X

= AT

L | -
Gambar 4.5a Hasil dari pengukuran Ciambar 4.5b Hasil dari Pengukuran
Tegangan Input Rangkaian [nyverting ke- |

Gambar 4.5¢ Hasil dari Penpukuran Gambar 4.5d Hasil dari Pengukuran
Rangkaian Inverting ke-2 Rangkaian Buffer

Gambar 4.6 merupakan hasil pengujian untuk tegangan input 0,5 volt

SBo=o==w

CGambar 4.6a Hasil dari Penguxuran Gambar 4.6h Hasil dari Pengukuran
Tegangan Inpul Rangkaian Inverting ke-1
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Gambar 4.6¢ | Isil dari Pengukuran

Rangkaian Inverting ke-2

Gambar 4.6d Hasil dari Pengukuran
Rangkaian Buller

Table 4-1 Hasil Pengujian Rangkaian Penyearah Gelombang Penuh Presisi

NO. | Tegangan Vout | Vout Vout Error ®
Input Inverting ke-1 I Inverting ke-2 Buffer

Fcngﬁicumn Perhitungan [ Pengukuran | Perhitungan | Pengukuran | Perhitungan -
1. | 5volt 3.00volt | 495volt | 4.50volt | 4.80volt | 448volt | 480volt | 8.6%
2. | 4ol 333volt | 396 volt | 390valt | 3.66volt | 389volt | 389volt | 7.6%
Tl_ 3 wolt 260volt | 2,97 vol 3,00 volt 3.02volt | 3,00 volt 3,00 volt 4.3 %
4. 2 volt [90volt | 189volt | 2,09valt | 240volt | 209volt  2.09volt | 2,0%
) I volt 1.20 volt | 0,99 volt 1,18 volt 1.28 volt 1,18 volt 118 volt 1.2 %
6. 04 volt | OEDvolt | 039volt | 063volt | 071volt | 063volt | 0.63voll | 1.5%

Berikut Perhitungannya :

—=15mA

Vo=1xR:;=0012x 330=4.95 volt

# Vout perhitungan pada rangkaian inverting ke-1 untuk tegangan 5 volt :




Persentase Error ;

Data Peigu,jian—Data Perhitungan
%, Error = x 1009%
R Dutu PerFitungar =

4,90—%,95 i
%Err()r=—zgz— x 10004 =19%

Vout perhitungan pada rangkaian inverting ke-2;
Pada perhitungan rangkaian inverting yang ke-2 menggunakan rumus
differencial dikarenakan inputan (+) dan (-) sama — sama mendapatkan

inputan. Maka digunakan rumus :

Yout = i;i- (x2—v1)
730 . :
i (_,gﬂ - [_-*1,9'3__!]

=1+ 3.8)= 4,80 volt
Persentase Ermor

Data Perguian—Data Perhiturgan
& 227 - 100%

%4 Ertor = :
Declw Perfdtungan

4,30—%,80 . '
0f Brror = x 100% — 62 %
480

Vout pada rangkatan buffer
Vout = Vin

4,80 = 4,80 volt
Persentase Error

Data Peqngujion—Data Perhiturgan
%, Error = x 100%

Dutu Perhiiwngern
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% Error =HH:—ETE x 100% =08%
4.1.4 Analisa Hasil Pengujian Rangkaian Penyearah Gelombang Fenuh Presisi
Dari hasil pangujian diatas didapatkan error yang besar dikarenakan berbagai
kemungkinan antara lain komponen — komponen yang digunakan, Pada bentuk sinyal
tidak sempurna dikarenakan keluaran LM 741 yang tidak dapat mengeluarkan bentuk

sinyal yang sempurna.

4.1.5 Kesimpulan
Dari pengujian diatas dapat diambil kesimpulan antara lain :
1. Pemrosesan sinyal dapat dihasilkan pada freknensi antara 20 hz — 1Khz.
2. Tegangan 0.1 volt— 0.6 volt atau dibawah tegangan dioda dapat diproses

pembentukan sinyalnya,
4.2  Pengujian ADC 0804

4,2.1 Tojuan
Untuk mengetahui apakah ADC 0804 yang digunakan dapat bekerja dengan

baik atau tidak dan untuk mengetahui hasilnya berupa tampilan LED,

4,2.2 Peralatan yang digunakan
1. Rangkaian ADC 0804,
2, 8buah Led.

3. Multimeter Dipital.
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4.2.3 Prosedure Pengujian

1. Merangkai rangkaian ADC 0804 seperti pada gambar

ot -

o1

[l La-

B LT

T il

—i1

L0

Gambar 4.7 rangkaian ADC (804

2. Menghubungkan inputan dc pada pin 6 schagai inputan.

3. Pengujian menggunkan tegangan 5 volt untuk inpulannya.

4.2.4 Hasil Pengujian

CGambar 4.8 adalah hasil dari pengujian ADC 0804 untuk tegangan 5 volt

Gambar 4.8 Ilasil Pengujian ADC 0304
mengeunakan § buzh LED




Perhitungan tegangan analog ke digital
Tegangan referensi . 5

255/ 5=141

Tegangan inputan sebesar 5 volt :

Binernya= 11111111 (nyala semua)

Hexanya = Il

42,5 Analisa Hasil Pengujian Rangkaian ADC 0804
Pada pengujian rangkaian ADC 0804 data analog yang di inputkan sebesar 3
volt dapat di konversi dengan baik sehingga nilai biner dan hexa-nya sesuai pada

table kebenaran yaitu 11111111 atau FF.

4.2.6 Kesimpulan
1. ADC (0804 hanya dapat membaca atan mengkonversi legangan analog sebesar

S voll.

T

Nilai tegangan di atas 5 volt di anggap sebagai tegangan 5 volt.

43  Pengujian Keseluruhan

4.3.1 Tujuan
Pengujian keseluruhan bertujuan untuk mengetahui apakah alat keseluruhan

dapat di aplikasikan ke computer.

43,2 Peralatan yang di gunakan

1. Rangkaian Penyearah Gelombang Penuh Presisi,




2. Rangkaian Sample and Hold.
3. Rangkaian ADC 0804,

4. Rangkaian Multiplexer.

5. Multimeter

6. Computer

4.3.3 Prosedure Pengujian

1. Merangkai blok pengujian alat seperti pada gambar 4.9 benkut:

INPUT

P

Rasnpgkaian Penyearah |
Gelombang Pocnuh
| Presiszi

r

‘Rangkaian Sample B

and Haold i

Eremee, S
| ADC DRO4 |-l— -—

¥

Mulliplexer ———

- PoTi Parallel | == —
A
. .

| Compuler

— 7]
|

Gambar 4.9 Rangkaian blok keseluruhan

2. Memberikan suplay tegangan 0 — 5 volt sebagai inputannya

3. Menjalankan program di computer.
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4, Tekan tombol RUN untuk men)jalankan.

5. Tampilan hasil terdapat pada computer.

Berikut adalah hagil tampilan pada computer

A frilinnenpe

Gambar 4.10 hasil pengujian pada komputer

Gambar 4.11 Kescluruhan Alat




4,3.4 Kesimpulan Hasil Pengujian Alat Keseluruhan

Dari hasil pengujian diatas bentuk gelombang yang ditampilan pada
computer berbeda dengan percobaan yang dilakukan menggunakan osiloskop
biasanva. Besarnya error yang terdapat pada rangkatan penyearah gelombang penuh
presisi dapat mempengaruhi hasil pada pengujian alat dan noise — noise yang timbul
dari berbapai keadaan seperti noise dari rangkaian itu sendin atau dari suara — suara

dan dan computer yang digunakan.

a7




BABYV
PENUTUP

5.1 Kesimpulan

Berdasarkan hasil pengujian dan analisis alat maka dapat ditarik kesimpulan

sebagai berikut:

1. Untuk Rangkaian Penyearah Gelombang Penuh Presisi.

» Rangkaian dapat memproses gelombang di bawah tegangan diode yaitu di bawah

1,6 volt.
» Nilai outputan dengan inputan mempunyai error yang cukup besar.
» Gelombang yang telah disearahkan mempunyai bentuk yang tidak cacat,
2. Untuk Rangkaian ADC 0804
# Hasil pengkonversian dari ADC scsuai dengan inputannya,
» ADC 0804 hanya dapat mengkonversi nilai tepangan sebesar () — 5 volt
3. Unwk Keseluruhan Alat
» Program yang di buat dapat menampilan outputan dan ADC 0804,
% Hasil vanp ditampilan ke computer kurang sesuai dengan yang di tampilan pada
osiloskop sesungguhnya

» Noise — noise perbedaan tegangan input dan out put yang cukup jauh,
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5.2

SARAN

Untuk pengembangan selanjutnya, penulis memberikan saran sebagai berikut :

. Pemrosesan sinval di butuhkan komponen yang baik agar hasil pada computer dapat

terlihat dengan baik,

Outputan sinval tidak hanya satu channel saja agar dapat melihat perbandingan sinyal
antara inputan dengan outputan.

Pada program dapat digunakan komponen Delphi yang lebih baitk agar dalam

menampilkan sinyal tidak cacat.
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Listing program
pnit Tnitls
interface

I5es

Windows, Massages, SysUtils, Variants, Classes, Graphics, Controls, Forms,
Lialogs, Batftrls, TeEngine, Serics, TeeProcs, Chart, SmallPort,

Buttons, SUIButtons

By
TEForml = glass {TEorm)

Chartl: Tohaeh:
Seriesl: TlLineSeriss;
Fanells TPanel:
BmallPortl: TSmallPort:
suilmageButtonl: TsullmagebButtcn;
sullmageButtond: TsuilmagebButtons
suiImageButton3: Tsuilmageluttons
procedure pini;
procedurs pind;
procedure pinlf:
procedire pinl’7;

i

procedure ButtonlClick (Sender: TChijsct):
procedure ButtonZClick (Sender: TObjecoT) )

procedure FormCreate (Sender: ToOkject):

procedure BLtBtnlClick (Sender: Tobjent) ;

procedure gsuilmagesButtonlClickSender:
crocedure sullmagsbotton2iilok (Sender;
procedurs suiimageﬂtttunﬂcjEuk{ﬂender:
prlvazte
[ Erivate foclarstions |
publis
{ Public seclarations }
erid
FET
Forml: TForml;
lasil, s, Lanpung:oyte;
iiinteger:
gclesaltboolean:
const
LPT data =$37E;
LET status =3373;
LPT kontrol=337h;

implementation
(SR v,dfm!

procedure delay!lama: lenginT
var
ref : longinz:
begin
refi=gettickocount;
cepeat
applicaticn.ProcesaMossages:

TOoject) ;
TOoG et} 7
Tobhject};

Stdctrls,




until {({getticxcoant - ref) >= lama)
end;

procsdure TForml.pinlTl:

begin
campuny:=smallZqrtl.ReadByLe(ilpt kontrol):
campung:=Lampung o 067
SmallfPortl . WriteByte{lpt kontrol, bampung)?

ends;

procadiara TForml.pinlé:

begin
tampung: =SmallPortl.ResadByte{lpt kontrol)s
tampuny: =tampung and $04; a
SmallPorcl. Writebytel(lpt konbrol, tampung) s

end;

procedure TForml.plnd:

begin
tampung:=SmallPortl . ReadByte (LPT data):
tampung: ~tampung and 501;
EmallPortl. WriteBytel{lpt keontrol,tampungi;

end;

procedure TRorml.pin®:

begin
Lampung ;-SmallPortl.ResdByte(LFT_gata):
tampung =tampung and $8O;
SmallPoxtl.WriteByto (lpt kontrol, tampungi:

S

procecurs TForml.s2uttonlClick (Sencer: U0bject);
begin
salosaii=lfalse;
geries’| Oleax:
1z=0;
repeEat
pinZ;
ar=smallportl.BeadByvte (LPT_status) and JFU;
at=a shr 4;

pimas

a:=a or ismellportl.Readlyre!ITT status) and 2F0)¢
hasil:= a =mor 588;
ponell.Caption:=Inttestr (hasil

delay200) ;

with chartl do
with seriesl 4o
addxyid, hasil, ', clblusl;
incti);
until li=t00) er [selesas=trusli;

end;

procedurs TFarml . ButtonfClickiSaendar; TObject):
begin




gelesaii=Loue;
endr

proceders TForml . Formlreate(Sender: TOLject)d
begin

close;

end;

procedurs TForml . BitBtnlClick(Sender: TCoject ) ;
begin

Close:

end:

procedore TForml.suilmageBubtonlClick (Sender: Tobhject]:
begin
selesais=false:

grrissl.Clear;

L=}y

repeat

pind;

ai=séwal lportl ReadByte (LPT status) and 5¥0:

ai=a shr 4;

pin%;

g:=4 or (smallgortl.BeadByte (LPT status} and EFQ) 7
hasil:= & xor SHE;
panell.Caption:=InttosStr (hasily:

delay (Z00)

wirh chazll do
with serienl oo

addxy (i, hasil, ', clblue;;
sy el S S B

Urtil o [i=100) &r (seiesali=trus [:
enG
procaedurs TForm®.cilTmageButton?Cl ickiSender: Tjact!:
begin

zalesal i=trues;
end

procedute TFornl.suimageButtonidClick{Bender: TUhject!:
begin

o loEdy

ehd;

end.
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit yP Compatible A/D Converters

General Description

Tne ADCDE(QY, ADCOE0Z, ADCO803, ADCOEM and
ADCORDS are CMOS B-bit successive approximation AD
convarters  thal  use & differential | potentiomeatic
ladder-—sirmilar o the 266R products. These converers arg
designed to allow oparation with the NSCB00 and INSB0B0A,
dadivative control bas with TRI-STATE output latches directly
driving the data bus, These AlDs appear lixe mamory loca-
tionz or 11D ports to the micreprocessor and na interfacing
Ingic is neadad.

Differential analon woltage inputs alow increasimng e
common-mode rejectlon and offseling e analog zero input
vollage value. In addition, the voltsge reference input can bo
adjusted to allaw encoding any smaller analog voltage span
to the full 8 bits of resclution.

0

Movember 1958

m [Diffarentlal analog vollags inpuls

® Logic inputs and outpuls mest boty MOS and TTL
voltage laval specificatians

® Warkes with 2.5V (| MA3R) voltane roference

On-chip clock generatar

(W to 5 anatog Input voltage range with single SV

suaply

Mo zero adjust required

0.3" standard width 20-pin DIP package

20-pin molded chip carter or small cutine package

Operates ratiometrically or with 3 Vpe, 23 Ve, or

analog span adjusted voltags referénce

Key Specifications

8 Resolubion 4 bits
| Total error +¥a LSE, £ LSB and £1 LSE
Features B Conversion time 100 us
® Compatible with BOBO pP dadvatives—no interfacing
logic needad - access time - 136 ns
B Eagsy intarface to & microprocessors, or operales “stand
aane”
Connection Diagram
ADTOBDX
Dual-tn-Line and Small Qutline (50) Patkages
Ly
e | 20 b=V (OF Vo)
A— ] e
R 1B4—0an (L2m)
A H—a 17f=0a1
T =15 LEf=—DEZ
Yyt E 15 =165
vlh(-}— T 4 DB
ALt —B 13}—pas5
Vi /2 =48 12§06
DGR == 10 T1=DET (M5E)
OEMRITE I
Seo Ordering Information
Ordering Information
TEMP RANGE 3'C T0 70°C reTOT0C | -40°C TO +B5°C
14 Bit Adjusted ANCOR0ILEN
ERROFR, 14 Bit Unadjusted ACCOBDZLCWM ADCORO TN
13 Bit Adjusted ADCOBOILCH
£18it Linadjusted ACTO30:4 LCWM ADCOE04LCN MEOBDELCW.-\Q_CUHMLCJ
PACKAGE OUTLINE [A208 —Small ME0A -—Molded DIFP
Orutlires
FB0% |n g releanad rodomard of Zikg Sop.
@ 2007 Matonal Sarvnonductor Gosporaticn DEGCSET wrwnalional.com

sispeAuon /v aianedwos d4r 3g-8 S0800AV/P08000Y/£08000V/208000Y/108000V




ADC0801/ADC0802/ADC0803/ADCOB04/ADCOBDS

Typical Applications

. ]

TRANEOILCER

8T AEI0LUTION
ViR ARY DLEIAED
ARALOE IRPUT
VDLTAGE RARGL
SEE SECTION 240
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Errar Specification (includes Full-5cala,
Zaro Error, and Non-Linsarity)
Part Full- Vepe=l2=2.500 Vi Vpee2=Mo Connection
Numbar | Scale (Mo Adjustments) (Mo Adjustments)
Adjusizd
ADCOBO1 | =V LSE =
ADCOBN2 £1% LSB -
ADCORD3 | V2 LSE i
ADCORNA +1LSE &l
[ADCo805 +1 LEB H
F




ADC0801/ADC0802/ADC0803/ADCOB04/ADCOBOS

AC Electrical Characteristics continuad)

The fellowing specifications apply for Vee=b Ve and ToyeET S e Unless othenvise speciiied.

Symibol Parameter Conditions Min Typ Max Units
Cour TRI-STATE Dulput 5 5 pE
Capacitance (Data Buffers)
CONTROL INPUTS [MNote: GLK IN {Pin 4} s the irput of a Schmitt trigger cireult and is therefore specified sepamtely|]
Yy (1) Logical "1™ Input Voltage V=525 Vo 20 15 i
{Except Pin 4 CLK IN)
Vi (0} Logical "0" Input Voltage Veae=4.75 Voo 0.8 Vi
{Except Pin 4 CLK M)
e (1) Logical “1* Input Currert Vi =5 Voo 0.005 1 pAge
{All Inpuls) :
| 10 Lagicat "0" input Current V=0 Vg —4 |-0.005 WAce
(AR IMputs)
CLOCK IN AND CLOCK R
Yot CLE IN {Fin 4) Positive Going 27 3 3.5 Voo
Threshold Volkage
W CLK IN (Pin 4) Nagative 1.5 1.8 2.1 Vi
Gaing Threshold Yeltage
Vi CLK IN (Pin 4) Hysterasis 0.6 13 20 Voo
Vel
Veur (0) Loglcal "0” CLK R Qutput lo=360 pA 0.4 Voo
Ynltage Yec=4.78 Voo
Vaur (1) | Legieal 1" CLK R Output Io=—360 pA 24 o |
Waltage Vo=t o Vee
DATA DUTPUTS AND INTR
Yaur (01 Logical 0" Oultput Valtage
Data Qulpuls lour=1.8 mA, Vo =4.75 Vi D.4 Yeia
TNTR Output lpgyr=1.0 md, Voo=4.75 Vi 04 Voo
Vaur 111 | Logical 1" Output Voltage lo=—360 pA, Voomd.75 Ve 2.4 Vee
Yo (1] | Logieal 17 Output Voltage i=—10 A, Veo=4.75 Voo 45 Voo
s TRI-STATE Digabled Oulput Vour=0 Voe -3 UL
Leakags (All Data Buffers) Veurr=3 Ve 3 A
AT Ve Short 1o Gnd. T,525°C 45 & MAnc
e ‘ e Vour Shof t6 V., 7,=25°C | 80 6| M
POWER SUPPLY
[ere: ' Supply Current (Includes fiq = 840 kHz,
| | adder Current) Wiepf2SNG, To=28"C
and G5 =5V
ADCDRN020304LCI05 11 18 mA
ADCDH0ALCNILCWM 18 2.5 i

Hoks 1 Ahsohte Maxmum Ratngs imdicals imis beyond which damage o the cewica may osedr. DG ard A edecinics

he daves hayend lls specifiad operaling conditions.

Nota 21 All valages are messured Wih respect ko G, LNisss othersaiss spachicd. The separste

Hote 3¢ zorer disds asts, imerrally, Fom e e Grd and hes = typical braakdown watsge of T Moe

A Bod paint should always De wired to the 0 God.

| spacifications do not apphy when openating

Hate &2 For V-2 Wpi+) The digltai aubpat codn will ke 000K 3000, Two or~chip diodes are ted t pach anslog Inpu (see bk diagrap] whish wiil forward cunduct
far anakeg inpul vollages nre diode Sop how greund. of oo diode drop gramer then the Wee RUppl Be carefis, durng 1RENng at leaw Wi levila 1954, &8 igh
toypl anaksg nputs [5V) e cause this nput dicde 10 candect- -gapecialy a7 eksvaled lBmgarmuees, and cause ermes ter analeg inpuls near fullacale. The spac
ailtcws 50 o Tarwerd bas af sihar diode. This ineans et &= kg g he analeg Viy Goes not exread e supply voltage by more theai S0 miv, she ootpt ot will
b cearecn ko achieve 8n abegiuie @ Vo 16 5 YWpe Input soitaga rangs wil! teretora prauire & minimoam supply voltage of 4850 Ve Gver mingerallng vanalians,
initial balerance and insding.

Mabe 5 Accuracy & guarantees a fope = 640 KHZ A1 higher clock frEquancies Boouracy san gegrece. Fof lower clock flecuencies, he duly cycle limits can be
exlardad B Inng as (he mirmen ek hign tine ntesva. o riniman ook bow time mlereal 18 T ke han 270 re

Hoie 8: With am asynchiorous ssat pulse, up o B ook paidds mans s (equired before the intemal clock phases ara propef by ket the marvErslon grocess. The
atart roquest i4 intemsally labchedd, sae Flguns 4 and gacion 2.0,

i national . enm 4




S08020Y/¥02020Y/C08030AV/208000V/ 10B0DAY

AC Electrical Characteristics (continued)
Mote Tr The ©F mpul i assumed to becket the WE airooa input and thersfon: tmning i cepencant an thve R pubse witithe An abitrarity wide padse width will hokd
e poewester in @ resel mode and the start of comvaralon is istiated. by the low 1o high tramaition of tha WR puise (se= timing diagrems)
Mota 8- Mnne of hese Allg requires a rer adjus: (366 section 2.5.1) To abtaln zar code at onar ansiog input vollegas see sacion 4,5 an Figore 7.
Mot 8: The Vgep? pin is e comtar polnl of & twoTeslsior drider conmected i Vess W grourd. In all versions. of the ADCOEN . ADCDEDQ, ADCOBDS, and
AMHCDRNS, s Iy e ADCOBDELCS, msch realstor is typically 16 ke, In all vereone of the ADCOBM cxcept the ADCOBMLES, sach resiston i3 typlosfy 2.0 kiz
pMote 10; Hurnsan body model, 100 pF discharged thiough a 1.5 kil resisicr
Typical Performance Characteristics
Lng;r: Inputy‘;hreahald Voltage Delay From Falling Edge of CLK IN Schmitt Trip Levels
wi. Supply Vohage RD to Output Data Valid vs. Supply Voltage
B — vs. Load Capacifance
E [ Toceta= ] 1k T EEP
= T T iy T = H il ot = L=
£ e | B 1
L - P . = ’ ""Ti-___,.-!'"".‘r
=4 N ] 5 = |
= - = 7] p= -
E = z — = | |-Bu'L Ta < +BXEC
= P =
EIE f" I omo ,_"“-' E”j lllll
= rd 3 i = I 1
2o i = LYt
E 2 na r‘, * =] E 1B -
a F . e (1]
= 13 i il 15
L5 a5 EM 575 5W oy B [ T
Wpg - EEPPLY VOLTAGE Vgl 0 2w A0 E00 MR o Vg - SUPPLY VOLTAGE (V)
pRmFIaL LOAD EAPACITANEE igF) RACEM-4]
msomar A
foisc va. Clock Capaciter Full-Scale Error vs Effect of Unadjusted Offset Error
Converslon Time ¥8. Vigpl2 Voltage
108 ——TTTT BE
LT o 5 - ; 18 —r T
o — BEE o= Titpug N e T B
' SRR T t 1 j—- LMES Vg s 2mv. H]
Be o Ky ! - | 1 THiZ WS THE NEED T
.- LN N R 4 W i - g 12— FOR A ZERDAM IF_ 1T
£ \ \ = . | B 0 A A I THE SPAN 15 RE BUCED. TT]]]
- - £ \Vee - 4a¢ > I
--d \ 1I'||| =] i : 4 e | = i |
LA\ = IO i N -
= | g \ Npo T b #o0T | 111
N = Sh B
ik | L | | 1l | Y ' - 7 i 'JI I
in 16 LT g B | i i |
CLOK K EAPLEI T4 EpF] L R nm &1 L8
1EREET 4 Tir, CONVERSION TIME (15 WgEsdd {¥pL
(L TP B A
Output Current va Power Supply Current Linsarity Error at Low
Temperature vg Temperatura (Mote 9) Va2 Voltages
[ — -1 18 5 = T 1
T T T [¥ec=tvae] | o M T [ ] i =]
7 1y | T T - ™ *lﬂtl | '™ mel: _L.1 R N;Fﬂ
= J JATA DUTPUT = 10 — ; = i
% I . — ] e By o 5 [ZERD AND FULL:
3 e RUFFLRE E P = e ¥ = SCALE ADJUETEDT |
: " p NS EERRA R T e 2 ————
E L VBRS¢ v N e A £ s .50 VALUE it
= =L 1 ) ol A 5 M 1 ] | 'im | ‘1z
£ o b SREAE S . P Ui orsin bl 43
E ‘111 i L B o Vg = Tiv = g —i— Ty
= 1 - i T i } I 4 .I | E |- I-\'._
e | E ] 1
! o 2w oy = 040 e -1 rf AT
[T vour 14 VorT 4 . SANED _—I'_ LA T W I
X = 0 1 1 15
i -3 A I 0 A AR e S s @ 3% W O W0
1EWE NATURE ML} YREF'T WOLTAGE Wl
To, = AMBIENT J Ty, — RMBIENT TEMPEHAIURE ["TH - {
JEDRET] -4
S ETY iR

woana national.com
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ADCOB01/ADC0B02/ADCOB03/ADCOB04/ADCDEOS

TRI-STATE Test Circuits and Waveforms

Lin
Wes
AB = oATA
o nuTRUT
‘ l £ 11K
DSHIAT 4T
Lot
Vg Vg
1
A =ty TATA
L4 TR
[ T%F
DETEET1 48

=20 ns

iy C =10 pF

—]
Yo —
76
OO —
—
Vau
DATA s i
oTrUTE
owa

PEMINETL 48

oc
DATA /-
LTI H 0%

Timing Diagrams (Al timing is measured from the §0% voltage points)

STAAT
CONVERSHIY

L

ACTUAL INTERNAL

TATEL l- -

U NET BLIEY

G

STATLE OF THE
COMYERTER

ILAET BATS Wik 2EA DY

170 Er Milgry —

DATR S VALID IN
OUTHIT LATCHES

~INTERKAL Tip- —

L (LAST DATE WAE NUT RLAD

e e i

-

‘ i INT BASEATER

_..i po— 12 Trik

LE0CHT 51

woanw naticeal-com




Timing Diagrams (Al timing 's measured from the 50% voltage points) (Continued)

Qutput Enable and Reset with INTR

THTH BESET
INTR I}l

bata _
OUTPIS

OS0OC5AT 152
Mot Read simebe muUst aoeur & cock perods (8N afer assertion of irt=rrupt b guarantes reset of INTR
Typical Applications
6800 Interface Ratiomaterc with Full-Scale Adjust
Ve
i § 7910
(=]
i1
st Ejn—m ®
Jii . ELTS - s
M, [l 7% L Ver !
oy w A o et T
ETE. 1 = t n
R L] e T o

1 1
= r i I
OATA * a0 o 1 _J:ll:“. |
R
i a
e L I
| I
I = i

[

Yine? YREF?
| | I——

I
]
]
=1
L

DITHuLL
Fi ADJRET

|||-"-§ E.--..

frledi P B

Fng DEfors Lsing uape al Vi or Veee'2:
sas sechion 232 Input Bypass Capaciiorn

¥ wheny, national corm

508000Y/P0800Y/E08000Y/Z0800AY/10800AY




ADC0801/ADC0802/ADCO803/ADCOB04/ADCOB0S

Typidal Applications (continued)

Absolute with a 2.500V Rafarence Absolute with a 5V Refarence
w: = v‘ﬁi::."
s L ] L T ¥ Veo
+
itaF
T
A :h i am

BEB g

F  M— TR wpged 0——| Yip-! TREFT
;‘"' e 1
ek &
Ll TE & uur
ke

= — L5 5a T .58
[E=-TE Y
“Far law power, sec alse LM3BS—2 5
Zero-Shift and Span Adjust: 2V < ¥, < 5V Span Adjust: OV = ¥, =3V
gL BV
&

T

- = T

ath &i0
F——————— =
| I
| |
e Yner T o i f‘ Vil gkt
[ 8 1 =
| ‘ I
SETSZERD BETE VI TAGL SFAR

CUUE VL TAGE L | | ieee secrionzn |
b LJ; B e ARy

Ehape -

2Tk FLID AN - - -

PIM LAY

wownd_naLonal. o B




Typical Applications (continued)
Directly Converting a Lew-Level Signal A yP Interfaced Comparator
I!rul'::;.;: “"'HI::::_
A Yoyl ¥ig -‘IL et vy Ve { {
] - +
] T‘W e L Ih T i
i Lo = i h
LW Mg boat 2y
P T]
Vil | Vazpl ¥ [+ LITIRY Ve __I
_ﬁi -;'1 o - L
T AsEsal1al
iy 1k =
15 Ve S ARA- A Far
,"n'! Wil Vird =
L] 1l [0 OulpLt=FFaex
For
i = Nind 1 Ml =}
DEsaT 180 Output=0lHe:
WReptZ=266 mv
1 mV Resolution with pP Controliad Ranga
ot 1
L Ugel
& Vil = I
Yin - MF
T 3n
" ]
(1]
4 BT DAL T e 25103
TEEIYo
WiAA.naEI™ ) g
LB Yoa bk e + I;MI T‘m
®E T i
i ]Dﬁ"l - = —3 -
aus
CEMET I
V! 22428 mil!
*LSE=T md

N = Ve HERE v
05 Vpas = 2.5V

wrw national.oorm
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ADCO801/ADCOB02/ADCOB03fADCOB04/ADCOBOS

Typical Applications (contnaed)

Digitizing a Cument Flow

Veg et —Y AT ULL-SEALE)
|i"'mli-"" Wil J
¥
0w ? v
Vit ¥ie I iy
+
ik I 10 uF J__
m =
17 LR
1 LY
rhan 34 iy I —— |
Al =y 1
T
il!l =) =
=TT T RN
Salf-Clocking Multizie A/Ds Extarnal Clocking
a
gl
ML O——— CLK §
LKA L
1:“I. i
o 3 Itk B— LK K
nem
i WLO—CLleA
ok
;J; JEIEETL 84
100 khzsho, e 1d wHz
Kong
h—-——h CLR o
v
1F BUIAE THAN § AVETRIRAS
Alie, S5 A CUESE BUFFER BT L)
CERR ST S0
* Uga g lame B value
I retuics Iosding
dl CLE R olapas
wrarw_nafional.com el




Typical Applications (continued)

Self-Clocking in Frae-Running Mode

e Ny [ akf
(e il L]
CLEIN
) %
L1}

L T
|_g L= srant®
ﬂﬁ

DB

“aflar pawer-up, a mermantary grounding af the R mpit is neetad e
guarantes cgeraton,

Qiperating with “Automaotive” Ratiometric Transducers

Yot
=gl
[+
s
3
¥
ELL] L] vigbit gy
1fF

" .
zzan g Yintl

3k

LA ]
AQCILs

E LMIBEA
Ve |
Bk
LEIL A i
Al

if—
B
L3

Wl m= S Ve
15% of Wocah g pafi% of Wi

YF Interface for Free-Running AJD

%
1
- w—

A F
a
SEEY
rIIJIIIT*
LR E1 I L - T T R
& xyr
-}
a L LITE ]
.-
M 7
Ll
—|  —asiag
g F MEEATERT
oA A
TATA LMIGTL
arar W"IK‘“" i
OsnCasT] -
Ratiomatric with Ve /2 Forcad
N
gl
o]
[T
s Ui ¥,
4.‘-‘- in' {1 . =
1 thlu!
= = i
z I
107 Lt
r—-\m [ Yugen
= T-. uF EHY
(LsE T B

WP Compatible Diffarential-Input Comparetor with Pre-Set Vqs [with or without Hysteresis)

e
[
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s e R |::1: :
1 B
v ]
]
]
L] |
[
12 L IERR 1|
H
De—aq Vin? Ymer'l

"Hew Figure § m sekesl 3 valuz
OAT7="1" tor Wl +)2 Vel =iV Res2]
Ol elrcuiany within the dether: arca if
TWEBESIs is nol neesad

Ve
&W¥ag!

5

L
Wy™ {0R Vgl
1k
LT Comal ]

-_— =

SERTEET 14
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ADC0801/ADC0802/ADCO803/ADC0804/ADCD805

Typical Applications (contiwed)

Handling £10% Analog Inputs

P
=

[
LR
[LE U]

il

Fyui—l

L-

Ta

“Circuls values shown aie for P 0T sH12RC
v s calibeade mach sensor to afow ey repacamenl, Ihen A0 can oe calinraied wiih & pre-s:l it wollende.

“Bediman Insraments ¥604-3-RI0K resistor amay

Low-Cost, pP Intarfaced, Temperaturs-to-Digital

Canvertar
rl:ﬁnr-"
a b
3
Y .:_
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Typical Applications (continued)

Handling £5V Analog Inputs
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® | Typical Applications continued)
E
% Analog Self-Test for a System
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Typical Applications (continued)

3-Decade Logarithmic A/D Convarter
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ADCO0801/ADC0B02/ADCO0803/ADCDE04/ADCOB0DS

Typical Applications (continied

Sampling an AC Input Signal
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Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

A pudect VD transfer charactaristic {staircass wayaform) is
shown in Figure 1, The horizonfal scala is analog input
voltage and the pariculer points labeled are in steps af 1
LSE {19.53 m\ with 2.5V led ta the Ve /2 pin. The digital
autpul codes that correspond Lo these inputs ae shown a5

i

bz R R

D=1, O, and +1. For the perdect AD, nol only  wiil
center-valug (A1, A A1, . . ) analog inputs produss
the corect cutput digilal codes, hul also each riser (te
transilions between adjacent output codes) will be located
+% LSB away from each center-value. As shown, the risers
areideal and have no width, Correct digital oulpat codes wil
be proveded for a range of analog input voltages that axtand

wawnw_netinnal com




Functional Description (continued)

+151.58 from the ideal canter-valuas. Each tread (the rangs
of analeg nput voltage that provides the same digital autput
code) is Iharefare 1 LEB wide

Figure 2 shows a worst cage emor plot for the ADCO301. AN
canter-valued inputs arm guaranteed ko produce the comect
output codes and the ediacent risers are guarantaed Io be
no cioser 1o the center-vaine points than L3 LSB. In olher
words, if we apply an analog Input egual to e centervalue
1% LEB, we guarantee that the A/D will producs the correct
digital code. Tha maximumn range of the position of the code
ransition is Indicated by the horizontal amow and It is guar-
anteed to be no more than ¥ LSE.

The ermr curve of Figune 3 shows a worst casa aaor plot for.

the ADCOA02. Here we quarantes that 7 we apply an analcg
input equal to the LSB analeg vollage center-value the AT
will produce the corvect digital coda.

Transfer Function

MIMITAL OOTIIT CHOE
n

.

A=l A A
ARALDE IRPUT ¥yl
Zema A

=

Mext to each transfer function is shown the coresoonding
error plal, Many people may be mane familar with ermor plots
than fransmr functions. The analog inpul voltage fo the A/D
is provided by sither & linear ramp or by the discrete output
steps of a high resolution DAC, Notice thal e ennor is
comiinuously displayad and includes the quantization uncer-
tainty of the AD . For exampta the emor at paint 1 of Figure 1
is +¥: LSB because the digital code appeared Y& LSB in
advance of the canter-value of he tread. Tha ermor phots
always have g constant negative siope and the abrupt up-
side steps are always 1 LSB in magnilude,

Errar Plot

B e e |

-

Al A
Al AL INFLT (Wl
DEESET BT

FIGURE 1. Clarifying the Error Specs of an AID Converter
Accuracy=ti LSB: A Parfect A/ID

Transfer Function

OBGITAL @UTPUT LOOF

A-1 & Al
KA LORG BNPUT [Nyl

[R50

A=l ] LRS!
ANALOG IRPUT 1yt

ARLOSET -84

FIGURE 2. Clarifying the Errar Specs of an AD Convertar
Accuracy=1'4 LSB
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ADCO0801/ADCOBOZ/ADCOE03/ADCO804/ADCDBOS

Functional Description (continued)

Transfer Function

i
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FIGURE 3. Clarifying the Emrer Specs of an A/D Converter
Agecuraey=11: LEB

2.0 FUNCTIONAL DESCRIPTION

The ADCOBDY seres containg a circuit eguivalent of the
256R network. Analog swilthes are sequenced by SUCCEs-
sive approximation logic to match the analog diference inpul
valtage [V, 0+) — V=1 to & comesponding tEp on the R
network. The most significant bit is tested firs: and after 8
compansons (B4 clack eycles) a digital 8-bit binary code
{1111 111 = full-scale) is ransfermed to an Gulput latch and
then an internupt is asserted (THTR makes & high-to-low
transition). A conversion in process can be irterruptad by
isswing & second start cormmand. The device may ba oper-
ated in the frea-running mode by connecting TN R to the WR
input with C5 =0. To ensum skart-Up under all possiple
conditions. an extarnal WE pulse is meguirad durng the first
power-up cycls.

On the high-todow transiton of the WR input the intzrnal
SAR latchas and the shift register stages are r2set, As long
as e G5 input and W input rerain ow, the AO will remain
i1 8 resel stale. Conversion will stant from 1 fo 8 clock
perods after a1 lessi ane of thase inputs makes & fawsto-high
transition.

# functional disgram of the AD cenverter is shown in Figues
4. Al of the package pinouts are shown and the major ingic
coniral paths are drawn in heavier weight lines.

The convarter is started by having 3 and WR simuita-
necusly low. This sets the start fip-flop (FIF} and the result

Ing 1" level rasets the B-bit shift register, resets the Interrupt
{INTR) FIF and Inguts a *1" to e D flop, FIF1, which js at Lhe
input end of the B-bit shift register, Internal clock signals then
ranetar this “17 In the 0 oulpul of FF1. The AND gate, G1.

combines this 1" output with a clook sigaal Lo provide a resat
signal to the start FIF. I the set signal is no longer preseat
(either WR or T8 iz & 1"} the start FiF is reset and the 8-bit
shift register then can have the *1" gocked in, which stards
the conversion process, If the set signal weee to still be
present, this reset pulse wou'd have no effed (poth outpits
of the start FIF wowld nomentanly be ata “17 level) and the
8-hit snift register would continue to be held i the resal
meode. This logic tharefore allows for wide 5 and WR
signals and the canvarter will start after st lzast one of these
signals returns high ard the Intamal clocks AGARIN provice &
resat signal for e start FF

wianynational o
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~unctional Description (Continued)

17 = AESLT $HIFT REQISTER
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FIGURE 4. Block Diagram

Adter tha ™ " is elocked througs the 8-bit shilt register (which
compieles e SAR search) it appears as the input 10 ira
D-bype latch, LATCH 1. As soon ae this 17 s outpot from tre
ghifl ragister, tha ANDI gabe, G2, causes [he new digital word
tr transfer to the TRI-STATE cutput iatches. When LAT CHH
Iz subsaquently enabled. he Gt cutpul makes 3 high-to-lra
ransiion which causes the INTH F/F to set. An Iaverting
pufier then supplies the INTR input signal.

Mote Ihat this SET control of v INTR, FiIF remains low for B
of the extemal clock penods (=5 tha intemal elecs un at U
of the frequency of the external clock). If the cata output i=
pontinuously anabled {CS and R both held low}, the INTR
output will still signal the end of conversion [y B higyh-to-ow
transtion). becausa the SE1 Input can control the G oulput
of the INTR FIF gven though the RESET input is constarly
at a “1" lavel 0 this operating meda. This INTR ocutput il
therafors stay low for he duration of the SET sigual, which is
B parleds of tha extemal clock frequancy [assuming the AT
is not stated durlng this intersal).

when operating in the freg-running or continunus conversan
mode (INTH pin tied to WR and C5 wired low—see aiso
saction 2.8), the START HF is SET by the high-te-ow tren-
sition of the MTR signal. This resets the SHIFT REGISTER

which causes e input o the D-type latch, LATCH 1. to go
low, A tha latch snable inpuk is still presant, the Tt output wil
go high, which then allows the INTR FF 1o be RESET. This
reduces e width of tha resuliing TNTR autput pulze 1o only
a few propagation delays (approimately 300 ns).

When data is t be read, the sombnation of beth TS and RD
being low will cause the INTR FF o be msel and the
TRI-3TATE output latches will be ena bad to provida the S-hit
digptal outputs.

2.1 Digital Confrol Inputs

The digital tonirol inputs (TS, RO, and WR) meet standard
T2L logic veltage |evels. These signals have been renamed
when compared to the standard AD Start and Output Enabte
jabels. In addition, these Inputs are Active low to alkow an
easy interfsce 0 MICFOPrOCESSOT control  busses. For
non-microprocessor based applications, the TS input {pln 1)
can be grounded and the standard AL Start fungtion s
abtained oy an active low pulse applied at the WH input (pin
3) and the Qutput Eneble function is caused by an active ow
pulse at the RO input (pin 2}

18
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ADC0801/ADC0802/ADCO803/ADCOB04/ADCOBOS

Functional Description (continuad)

2.2 Analog Differentlal Voltage Inputs and
Common-Mode Rejection

This &0 has sdditional applications flexibiity due to the
analog differential voltage input. Tha V. (-} input (pin 7) can
ba used o aulomatically subtract & fixed voltage value from
the input reading {tare comection). This 5 alse useful in 4
mA—20 mA curent loop conversion. 11 addition,
comman-mode nolse can be reducad by use of the differen-
tial input.

The time interval betwesn sampling V() and Yy,(—) is 4-14
clock periods. Tha maximum ermar voltage due to this slight
time diffierence betwsan the input voltags samples s given
by

AVAMAX) = (Vi) (2T [f‘:%)

wihere,
AV, 15 the ermor voltage due lo sampling delay
W |= the peak value of the commen-mode voilege
1. 15 he common-mode requency

As an example, to keep this errmor to ¥ LSB (-5 mV) when
operating with a 60 Hz commen-mode frequency, T, and
uging 8 840 kHz AD clock, {2 .. would allow & peak value of
the commen-moda vwage, Ve, which is given by:

T lﬁvs;h‘lﬂ:] UEEH
P (2mtom) (4.5)
ar
P 10~ 3) (5440 % 10%)
e {6.28) (60} (4.5)
which givas
Va1 GV,

The allowed range of analog input wollages usually plRces
miore savere restrictions on input common-miode noise le-

als.

An analeg input voltage with A redieced span and & re'atively
large zaro offset can be handied sasiy by makng vse of the
differential Input {see soction 2.4 Reference Voltage ).

2.3 Analog Inputs
2.3 1 Input Currant

Mormazal Mods

Due ta the internal switching action, displacemeant cuments
will flow at the anaiog Inputs, This is dus to on-chip stray
capacitance to ground as shown in Figure 5.

T aF G4 1 a0 BW 2 = 5 k02
rorpey Coppay = 3 KL w12 pF — 80 ne

FIGURE 5. Analeg Input Impedanca

The voltage on this capacitance is switched and will result n
currents entering he Vi (+) input pin and lgaving he Viu(-)
input which wiil depend on the analog diferential input volt-
age levels, These current transisnts acedr at the leading
adgo of the intemal clocks. They repidly decay and do mol
cause amors as the on-chip comparator is strobed at the end
of the dlock period,

Fault Mode

If the wvollage source appled to the Vig(+) or Vigl—) pn
gxcaads the allowed operating rangs of Vo +50 my, larga
input currents can flow through a parasitic diode to the Ve
pin. If these cuments can excead the 1 i e atlawead
pec, an external diode (1ME814) should be added ta bypass
this current Io the Yae pin (with the current bypassed with
this diods, the voltage at the V,{+) pin can excsed the Voo
voitage by Ihe forward voltage of this diode).

2.3.2 Input Bypass Capacitors

Bypass capaciors at the inputs will average thesa charges
and cause 3 DG current to flow through the outpal resis-
tances of the analen signal sources, This charge pUmping
action is worse for continuals conversions with the Viu(+)
input voitage st iull-scale. For continuous Gonversons with &
G40 kHz clock frequency with the V(+) input 21 B, this OC
current & &t a maximum of approximately b pa. Therefons,
bypasgs capacions showid nol be wsed &t the anaiog inprts or
the Vgee'Z pinfor high resistance sodrces (= 1 kLdy Winput
bypass capacitors ara nacessary for noise filtering and high
sgurce ieslstance is desirable to minimize capacitor size, the
deirimental effects of the voltage droa sesoss this inpul
racistance, which is due to the average value of the input
current, can be eliminatad with & full-scale adjustmeant while
the givan source resister and inpul bypass capacitor are
both in place. This is possible because the average value of
the inpul cument is g pracise linear function of Ihe diffaraniizl
inout voltage.

2.3.3 Input Source Reslstance

Large values of source resistance whers an inpul bypass
capaciter [ not usad, will nol cause &rors as the inpuk
currents settie out orior to the cormparison time. if 8 fow pass
filter is requircd in the system, use 3 low valued sarigs
resister (=1 ki) for a passive RC secton of add an op amp
RC actlve low pass filler. For low source resistance applica-
tons, (= 1 k{3, a 0.1 pF bypass capacitor at the inputs will
prevent noise pickup due 10 senes lead inductance of a long

wanewl miational. oo




Functional Description (continuad

wirg. A TODLL serles resistor can be used o isolate this
spacior—both e R and C are placed cutsida the fecd-
qack loap— from the sutpat of an op amp, if used.

2.3.4 Noise

The leads to the snalog inputs (pins £ and 7) should be kepl
s& short 85 posslbla to minimize inpul nalse coupling. Both
woise and undesired digha! clock coupling to these inputs
-an causa systermn emors. The source resistance for thess
riputs showld, in general, be kept below 5 k(L Larger values
+f source resislance can cause. undesired syslam noise
plckup, Input bypass capactors, placed from the anabog
mputs to ground, will eliminate systam noise pickup but can
rreate analog Seale emors as these capadtors will average
ke Eransient input switching currents of the A/D (see sectian
23.1,). This scale error depends on both a large sourme
resistance and the usa of an input bypass capacitor. This
amror can be efiminated by doing a full-scale adjustment of
the AMD [adjust Vree/2 for @ proper full-scale reading —see
saction 2.5.2 on Full-Scale Adjustment) with the source ro-
sistance and inpul bypass capaciter in place.

2.4 Reference Voltage

2.4.1 Span Adjust

For maximum applicatons flexibility, these ADs hava baan
designed to accommodats 3 5 Voo, 2.5 Vg, or an adjusted
voltae reference. This has been schieved in the design of
the |G =5 shown in Figure 6.

¥ g e £

LAk

) |
¥aeen Or G

ERREUITS

HAMALOG

IRCLETS

OEMEITI-18

FIGURE B. The ¥Yoprerence Design on the IC

Molice that the raference voltage for the 1O is either Y2 of the
voliage applied ta e V.. supply pin, or & sgual o the
voltage that s extemally forced at the Vo2 pin. This sliows
for a ratiometric voltage reference usng the Ve supply, a &
Vo reference voltage can be used for fhe W supply or &
voltage less than 2.5 V. can be applied ko the Veee2 input
for Increased application fNeabdlity. The intemal gain o the
Ve Input is 2, making the [ull-scale differential input
voltage hwice the voltage at pin 8.

An example of the use of an adjusted reference yoitage is 10
accommodate 8 reduced span—or dynamic voltage @anga
of the analeg nput voltage. ¥ the analog nput voltage were
ta range from 0.8 V- t0 3.5 V.. inglead of 0V 10 5 Voo, the
span would be 3 as shown in Figure 7. With 0.5 Ve
anplied to the V(- pin to absorb the offsel, the rafesence
voltage can be made equal to 34 of the 3% span or 1.5 Ve
The AD now will encode the Wyl +) signal from 0.8V o 3.6V
with te 0.5V Input correspanding to zero and fhe 3.5 Vi,
input coresponding o full-scale. The full 8 bits of rasalution
are therefore applied over this reducad analog input voltage
range.

2.4.2 Reference Accuracy Requirements

The comeder can be oparated in a ratometrie mode or an
absolite mode. In ratiometric convener applications, the
magnituds of the reference valtage is a factor in bath the
outpul of the saurce transducer and the output of the AD
converter and therefore canceds out Inthe final digital oulpul
code. The ADCDEOS |s specified parieutarly for use in salis-
makic applications with no sdjustrmants required. In abselute
conversion applications, both the inital value and the tem-
paratum stabiity of the reference voltage are important fae-
tors in the accuracy of the AD converter. FOr Vage/2 voll-
ages of 2.4 V- nominal value, mitial srrors of £10mWg wil
cause conversion arrors of 21 LSB dua o the gain of 2 of the
W2 input. In reduced span applications. the imitial walue
and the stability of He Veegp/2 input valtage become avan
mare important. For éxample, if Be span s reduced bo 2.8Y,
the analog ‘nput LSB voltage value is correspondingly re-
duced from 20 my (6% span) to 10 my and 1 LSE at the
Veee/2 input becomes 5 mil As can be sean, this reduces
tne allowed inital mlerange of the refermnce voltage and
requlies coTespandingly less absolute changs with bam-
paralurs variations. Mote that spans smialler than 2.5 place
ewen tighter recuirements on the iniGel aucuracy and stability
of the reference source.

In general, the magnitude of the reference voltaga will re-
quirs an Inflal adjustmant. Erors due o an impropar yalue
of reference voltage appear as full-suale arrors in the AD
transfer function. IC votage regulabs may be used for
refarencas f the ambient kmparature chenges ane not ex-
cessive, The LM3ZEE 2.5 1C reference diode {from Ma-
ticral Semiconductor) has & tempaiaiure stability of 1.8 m\yf
typ (B mV max) ewar 0°CT,2+/0°C. Other lemperaie
e pans are alkso available,

|
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ADC(801/ADCOB02/ADCOB03/ADCO804/ADCOBOS

Functional Description (Continued)
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a) Analeg Input Signal Example
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b) Accommadafing an Analog Input from
0.5Y (Dightal Out = 00y gy} to 3.5Y
{Digital Out=FFyzy)

FIGURE 7. Adapting tha &/D Analog Input Voltages to Match an Arbitrary Inpul Signal Range

2.5 Emmors and Reference Yoltage Adjustments 26E) Iz applied to pin 6 and the zero reference voltage at pin
7 should then be adjusted to just obtain the 00y, o Dlyey

2.5.1 Zero Errar code transition,

The zem of the A&'D does nut require adjustment. | the The full-scale adjustment shoeld then be made (with the

rtnalmum analeg nput voitage valus, Ve 15 not groung.: proper (=) woltage applied) by forcing a wollage ta the

@ zero offset can ba done. The conwarter can be mada o W) input which is given by

outpul 0000 000G digilal code for this minimum nout vallage

by bissing the AD V,(-) put 8l Bvs Ve, vale (ssa g — Vel

Apptications section), This utilizes the differenta mode op- Vin( e isadi = Vipag =18 | ==

oration of the A/D,

The zero enar of the AD converter reates ko the location of whera:

ke first Aser of the transfar function and can be measured by Wigax= The high emd of 1he analog inpat range

grourcting the W, (=1 inpul and applying a small magnituide and

positive vollage 1o the Vg [+) iapul Zerc emor is he difies- - ; e ;

enca betwaen tha sclual DT input voltags thak is necessany [Bz; h:' r?:&tdﬂ&ﬂ:mﬂﬁm RRI)-DIC1A By (R

tr just cadse an output digial code transition from 0000 0000
to 0000 00041 and the ideal ¥ LSE velue (¥ LSB = 5.8 mV
far Ve, 2=2.500 Vo).

The Vaer'e (or Vog) voltage i then adjusted to provide 2
code change from FE. . tv FF e This complates the
adjustment procedure.

2.5.2 Full-Scale

The full-scale adjustment can be mads by apgiyng a difier-
ental input voltage that in 1.4 LSB less than he desired
anaog full-scale voltage rangs and then adusting he mag-
nitude of the Vep!2 input {pin B o the V. supply if pin 3is
not used) for a digital output code that is just chang ng from
1111 1210 12 1111 1111,

2.6 Clacking Oplion

Tha clock far the A/D can be deived from the CPU cock or
an extemal BG can be added o provide salfclacking, The
OLK M (pin 4) makes use of a Schmitt Figger as shown in
Figre 8,

2,53 adjusting for an Arbitrary Analog tnput Voltage
Range

If the analeg zero valtage of the A is shilted away fram
ground (for sxample, to accommodate an analcg input signal
thes! dees ol go to ground) ihis new zero reference should
be propery adjusted firsk A V(+) vellage that aquals this
desirad zafd reference plus 14 LSE {whers the LSH is cal-
culated for the desired analog span, 1 LSB=analeg span!
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Functional Description (Cantinued)

S

Cik R
L

LK IR

I il

|
i e
CLK= T 1 RC
R =10 kit

GLK

REEET AT

FIGURE 8. Self-Clocking the A/D

Heavy capacilive or D1 Joading of the clock R pin should be
avoided as thie will disturt nomal convertar operafion
L cads less then 50 pF, such as driving up to 7 AD converter
clock inputs from a single clock R pin of 1 convertar, are
aliewed. For larger clack lne loading, a CMOS or low power
TTL buffer or PHF input leglc should be wsad bo minkmize the
loading on the clock R pin {do not use a standard TTL
buffer).

2.7 Restart During a Conversion

If the AID & restarted (TS and WR go low and retum high)
during & convarsion, the corverter is reset and a new cor-
version is stared. The cutput data latch is nat updated if tha
Eanversion in process is not allswed to be completed, thers-
frirm the data of the prewious convedsion remains in this latch.
The INTR output s'mply remains at the *17 leves.

2.8 Continuous Conversions

For oparaton in the free-munning mede an initalizing pulsa
should be used, following power up, te anslre circuit opasa-
ton., In this application, the £5 input is grounded and the WR
npuUE s tied ko the TNTR outpul This Wi and INTR node
shouid be momantarlly forced o logic low following a
penwir-up cyce o guaraniee aperation.

2.9 Driving the Data Bus

This MOE AD, like MOS microprocessors and menariss.
will require a bus driver when the tofal capacitance of lhe
data bus gets large. Other cirsuitry, which is bead o the daka
bus, will add o the lotsl eapacitve inading, even n
TRI-STATE (high impedance mode). Backplane . bussirg
also graatly adds to the stray capecitanco of the data bus.
There are some altematives available 1o the designer o
handle this problan. Basically, the capacitive lnading ot tha
datn hus siows down the response tme, even though DO
specifications are stll met. For systems operaling with a
relatively alow CPU clock frequency, mare time is avaliabie
in which to establish proper logic leveis on the bus and
iherefore higher capacitive loads can be driven (see typical
characterishics sarves)

At higher CPU clock frequencies hme can be extended for
WO reads (andior writes) by |[nsering walt states (8080} o
using clogk extending circuits (BB0M),

Finalty, if ime i short and capacitive loading is Tigh, exterral
bue drivars must be used. Thase can be TRESTATE bufers

{lewy power Schottky such as the DM7ALS24D series is rec-
ammanded) or special higher drive curment products which
are deslgned as bus driverss High cwirent Hpolar bus drivers
with PHP inputs are recommendead.

2.10 Power Supplies

Moise spikes on the Vo supply line can cause converslon
grore a5 the comparator wil respand to this noize. A low
inductance tantslum filler capacitor should be wsed close to
the corvarer Yoo pin and values of 1 pF or grester are
recommended, if an unregulated voltage is available in the
system, a separate LM340LAZ-5.0, TC-92, BY vollage regu-
lastor Tor Uhe converter [and sther analog cirouitry) will greatly
reduce digital soige on the Ve Sapply.

211 Wiring and Hook-Up Procautions

Standard digital wire wrap sockets arc not satisfactary (o
breadboarding this AD converter. Sockets on PL boars
can be used and all logic signal wires and leads should be
grouped and kept as far away as possibe fom the analog
signat leads. Exposed eads 1o (e analog nputs an cause
undesired digital noise and hum pickup, therefore shicided
leads may ba nacessary in many applications.

A single point analag ground Ihat is separate from the logic
ground points should be used, The power SUDPly Dypass
capacitor and the sef-clocking capaciter (if used) should
both ba raturned o digital ground. Any Vo2 Dypass ca-
pacitors, analog input fiker capacliors, or inpul signial shighd-
ing should ba returned to the analeg ground paint. A test for
proper grounding ig to messure the rero ermor of fhe AT
converter. Zero Brrors in excess of ¥4 LBB can usually be
wraced to improper beard layout and wikng (see section 2.5.1
for measuring the zero ermor).

3.0 TESTING THE AJD CONVERTER

There are many degrees of complexity assamated with test-
ing an AD converter. One of th2 simplast lests s o 2oy 8
known analog input voltage to the conwverter and use LEDs o
display the rasulting digital cutput code as shown n Figure 9

For ease of Bating, the Ve, /2 {pin 9) should be supalied
wilh 2,560 WMo and @ Voo supply voltage of 512 W, should
b used. This pravides an LBE value of 20 i,

¥ & full-scale adjustraent |5 w be mada, an analog npul
voltage of 5.080 Voo (5.120-1144 LSB) saald be apgtied K
tne W) o with the Yiyl—) oin grounded. The value of thes
Yrerie ingut voltage should thes be adjusted untl the digial
sutput code g just changing from 1111 1910 & 1111 1371
This value of Weeefd sholld then be wsed for all the tests
The digital output LED display can be decoded by dividing
e 8 bits into 2 mex characters, the 4 most significant (MS)
and the 4 least significant (LS). Tahle 1 shows the fractonal
binary equivalent of these two 4-bil groups. By adding the
voltages obtained ‘rom the "VMS" and "WLS" ealumas in
Tablz 7, the nominal value of the digital display {when
Vpesl2 = 2.560V) can be dutemingd, For edample, for an
output LED dispay of 1011 0410 or BB {in hex), the voitage
valpes Trom the labie are 3.520 + 1,120 or 3.649 V-, These
voitage values repesent the canter-values of a parfect AlD
canwarter. The effacts of quantization error have o be ac-
counted for in e intarpretation of e test resulbs,
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ADCG801/ADC0802/ADC0803/ADCOBD4/ADCOBUS

Functional Description (continued)

T
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FIGURE 8 Basic A/D Tester

Far a higher speed tast system, or fo obtain plotted data, a
digtal-t-analog convertar ks nesded for fhe tesl sat-up. An
accurate 10-bit DAC can serve as the precision voltage
saurce for the A/D. Erors of the A/D under test can be
expressed as either anslog vollages or differences in 2

- digital words.

A basic AD tester that uses a DAC and provides the aior as
an analog output voltage & shown in Figure & The 2 op
amps can be elminated i a b OVM with a numercal
sublraction feature is avallable to read the diffarence volt-
age, "A-C", directly. The analog input voltege ¢an be sup-
plied by a low frequency ramp generator and an X-Y plotier
can be usad lo provide analog aerer {Y axis) versus analog
input (X axis),

For eperation with A microprocessor or 8 compuier-based
test system, it |5 more convenient to present the emors
digitally. This can be done with the circuit of Fligure 17, where
the output code transitions can be detecled as e 10-bit
DAC 15 incremented, This provides 14 LS8 staps for the 8 b1
AJD under test. |f He resulls of this test A automatically
plotred with the anatog input on the X axis and the armor {in
La8's) as the ¥ axis, & ussful transfer functicn of tha AD
urdar test rasults. For acceptance tasting, the plot is nob
necessary and the testing speed can be increased by estab-
lishing Internal imits on the allowsad sror for each code.

4.0 MICROPROCESSOR INTERFACING

To dicuss the interface with BOBGA and B800 microproces
sars, a common sample subrsuline structure is usad. The
mitroprocesser stars the A/D, reads and stores the resulls
ol 16 successive conversions, then relums fo the users
program. The 16 .data bytes are stored in 16 succaseve
memary iocations, All Data and Addresses will be given in
hexadetimal form, Software and hardwars datails are pro-
vided saparately for each type of MiciopCCasson

4.1 Interfacing 8080 Microprocessor Derivatives (BD48,
8085)
Thiz conwarter has peen desigied to disestly intarface willl
dervatives ol the 8083 microprocessor. Tho A/D can be
masped inte memery space (Lsing standard meamary ad-
dress decoding lor TS5 and the MEMR and MENW strobes)
or it can be contralled as an WO davice by using the TO R
and 70 W strones and decoding thi address bits A — A7
{or address bits AR -+ A15 as ey wil sunlain the same B-til
address infarmation) to abtain the S5 inpul, Using the 1O
spase provides 258 additional addresses gnd may allow &
simplar 8-0it addrass decoder bul the data can only be input
io the zecumwlator, To make use of the additional mamory
saference instructions, the AD should De mapped ntd
meemony space. A example of &1 AT in WO space is shawn
in Figure 12,
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Functional Description (continued)

BBLT
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UNDER TEST
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FIGURE 10. A/D Tester with Analog Error Output

FIGURE 11. Basic "Digital" A/D Tester

DIGITAL
DUTPLT

b LR B]

TABLE 1. DECODING THE DIGITAL OUTPUT LEDs

! OUTPUT VOLTAGE
FRACTIDONAL BINARY VALLIE FOR CENTER VALUES
EX BINARY WITH
M, oo l222 560 Voo
MS GROUP LE GROUP VIS VLS
GROUP GROUP
{Mate 15) (Note 151
F |1 1 1 1 15/16 15/256 4,800 0,300
B |4 4 H D 718 71128 4 ABD @280
g |1 + o o 1318 {31258 4160 0,260
¢ |1 1 o 0 34 364 3,340 0.240
B |1 0 = 1 11/16 11/256 3520 0.220
A l1 o 1 D 508 51128 3.200 0.200
9 |1 o o 1 916 G266 2 BAD 0,180
g |1 0 o o 2 1432 2580 0.160
7 e 1 1 1 716 71956 2 248 0.149
6 o 1 1 o0 38 anza 1,920 0,120
5 o 1 o 1 5{16 2/256 1.800 5.100
4 |lo 1 © o© 174 164 1.280 0.080
3 e 0 1 1 318 31256 0.960 0,060
z o o 1 © 418 11128 0640 0.040
1 lo o a 7 118 14256 0.320 0.020
n o o o o 0 i

Mots 15: Digplay Oulput=yMS Gmup + VLS Group

wenw natonal .com
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ADCU801/ADCD802/ADCO0803/ADCO804/ADCOB0S

Functional Description (cantnuzd)

D‘-‘-— - INT 141
—d T gt
=g AT R5"
184
i Ak
LV
] i) E-I-
o kid - Wie --l—o“ LY 10 4F
=) AT axsi— o
2o wn Ll + oo 13"
e 2 ek m oAt 08 16"
e L am oz :: # 082 11"
ANALOE : Vewi+t et 7 & 0B1@y*
- ¥ist-y o = 4 ol 5"
—E'Fr‘—: LR L i:lls-::—-_-_—ﬁ DEE (1AY
= OfVeer? e o 14 (20"
= 0 EAL il o = a7 Pk
?‘
TeT ]
L o 4 ADTS 18}
™ T 4 AT (29}
™ o (% o AD1I ()
7 COMPRAATOR .r —y AD1Z (37
T B d AO1Y
™ Bl - AD1EED
rr
OBICRET 120

Mots $6: P numbers for the GPE32E systam confroller, oers Bra - (WEANADA.
Meta 17: P 22 of the RS20 must e fad o +92Y through 8 1 kG resistor 1o ganerale the BST 7
|natuction when s inbemep: is ackrowleogad as equired Dy g scoompanying sample progam.

FIGURE 12. ADCOB01_INS8080A CPU Interface
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~unctional Description (Contiaued)

SAMPLE PROGRAM FOR Figure 12 ADCO801—INSBOS0A CPU INTERFACE

Oo58 L3 L0 03 R5171: IMF LD DATA

v L ] [ ]

[ ] - L
o100 210002 START: LZZ H 0200l i HL pairwill point to

;date storage locatlons

OLas L0004 REIUEN: LXI 5P 0400H :ITnitialize steck pointear (Mete L)
QLO6 TD MOV A, L rTest @ af hytes pnterad
oLaT FECOF CPIOFH ;If#=16. JNF Lo
0105 CALIOL JLCONT JUSET program
oot N3 En OUTE0H 7 Start ASD
O10E FH EI 1 Enakle intarrupt
0107 g LOOFE & HoZ sboopuntil énd of
0110 CIOF 0L Ju= LOGF reonveralan
oLLY = CONT & .

[ ] L] - L 3

» . {Usar program Lo *

L] L] process data) *

- L] - -

- - - [ ]
o300 DE ED LI DATA = INEOH +Loaddata into agoumilater
o302 77 MOV M, & i 5tore data
0303 23 INKH : Ipcremant 3toregs polnter
0304 C30n3ol JWE RETURN

Mota 18: The swack pnintef iruat be dimensioned tecauge & RET 7 instiuizn puzhes the P &nta e atack,

Biote 18 All Bddress el wWere Biutranly coosen

The atandard contmal bue signals of the 80RO TS, RO and
WR) can bo directly wired o the digital contral inputs of tha
AD and the bus timing requirements ara met o alow bob
starting the coaverer and outputting e data onto the datz
bius. A bus drivar shouid be Used for [amger micreprocessor
systerns where the data bus leaves the PC board andlor
must drive capacitive loads larger than 150 pF

4.1.1 Sampla 8080A CPU Intarfacing Circuitry and
Program

The failowing sampls program and associated hardwane
shown in Flgure 12 may be used to jnput data from the
converter to the INSS080A CPU cnip set (comprised of the
INSBOBOA micraprocessorn the INSBZ28 system controler
and the INS8224 clock generator). For simplicity, e AD =
eontrollad as an W0 device, specifically an B-bit ai-direckanal
port located at an arbitrarlly chozen pon address, EG, The
TRI-STATE outpul capability of the A/D eliminates the need
far & peripheral intarface device, however addrass decodirg
is sl required to generate the appropriate TS for the con-
Yerier,

OsasET 106

It is important o note that In systems whare the AT con-
verer is 1-of-8 or less WO mapped devices, no address
decoding circuitry is necessary. Each of the 8 address bits
(Al 1o AT) can be directly used as C3 inputs—one for each
i device

4.1.2 INS8048 Interface

The IMSBEOME inleface echnigue with the ADCOSM seres
fsee Figure 13) is simpler than the B0BDA CPU interface.
There are 24 1'C lines and thres test input fines in e 8048,
With these exbra 110 lines availabla, ane of the 1O linas (it
0t of port 1) is used as the chip select signal to the AD. thus
eliminating the use of an external adduss decods:, Bus
sontrel signals RO, Wi and INT of the B04B are tad directly
b the A The 16 converted data words e stored at
an-chip RAM jocations from 20 ko 2F (Hax). The RD and WR
signals are generated by reading From and writing into a
dummy address, respectivaly. A sample intrface program (S
shown below.,

08020Y/¥08000V/S0800AV/Z0800AY/ LOB0DAY
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ADC0801/ADC0802/ADC0803/ADC0B04/ADCO805

Functional Description (continued)

[ I [+
Whaf
Wigo anl =1I' Bl Y= .I- -
81 ::: LLi P ]
[T :1. 2or
e b7 LT
Bl [ : LU}
BBS :]: LA
oh 2om
INEBRE oy [ 4 W frgy anemn
160 F
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o Er— o (o £
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v 18RUT | Wil =

éu

LRS-

FIGURE 13. INSB048 Interface

SAMPLE PROGRAM FOR Figure 13 INSBOME INTERFACE

04 10 JEF
ORG
04 50 Jup
ORG
99 FE ANL
a1 MOVE
BO oL START: 0AL
BR 20 MoV
BO ¥F MOT
RA 10 M2V
a3 FF AGAIN: MY
94 FE ANL
91 MIVE
L] BN
9g 21 LODE: JINZ
EA 1R DINE
0o HDF
oo WP
OHERG
a1 INDATA: MOTX
An MO
18 InZ
Bo 0L ORL
27 CLA
93 HEIR

4.2 Interfacing the 2-80

Tha Z-B0 control bus ke sligntly differant from that of the
a080. General BD and WR strobes are provided and sesa-
rate memory request, MREQ, and VO requesd, 10RO, sig-
nals are used which have to be combined with the general-
ized strobes to provide the equivalent BOBC signals. An
advantage of opeafing tre AD In V0 space with the ZB0is
{hat tha CPU will Butomatically insert ana wait state (Iha RD
and WR strobes are extendad one clock period) to allow
ivare time for the 11D devices to respond, Lag ¢ to map the
ADin VD space is shown in Figure 14,

10H :Frogram starts at addr 10

3H

S0H : Intarrupt junp vactor

10H ;Main program

Fl, #0FEH +Chip selast

A, BR1 ;Read inthe 15t dats
storefet the intr

FL, #1 :Eet port pinhigh

R, #20H :Date address

RLl, #0FFH : Dumery address

A2, #LoH ; Counter for 16 bytes

A, #0FFH 158t AGC ror intrleoop

Fl, #OFEH :8end 05 (bit O of P1)

GRL, A : Sand WR oat

I :Enable interrupt

LaoF :Wait farintarrupt
Re, AGAIN ; If 16 bytes are read
sgotousesr'a pragran
SoH :
A, GRL c Inpat date, 5 SL111 low
ERo, A ;Store inmemcry
i ; Incrsment StoTaEs counter
FL, ¥1 ;Beset C5slgnal
A rClearACC Lo get out of
sthe interrupt loop
DENCRAT AT
AT g 1 L
[il:13 o
1
18
M ILEE?
=R g R |

EIGURE 14. Mapping the A/D as an /0 Device
for Usa with the Z-80 CPU

Additianal ID advantagas exist as software DA routings
are available and use can e made of the output data
transfer which cxists on the upper B address lines (A8 o

wnwny natonal.com
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-unctional Description (certinued)

15} during VD input instructions. For example, MUX chan-
el selaction for the A/D can be accomplished with this
perating mods.

.3 [nterfacing 6800 Microprocessor Darivatives

6502, otc.)

e control bus for the GBOOD | milsroprocessor denvatives
jpes not use the RO and WR stobe signals. Instead it
mploys a single RAW line and additional timing,  needed,
an ba darved fom the 2 clock. All YO devices are memory
nappad in the S800 system, and a special signal, VA,
ndicates that the current address is valid. Figure 15 shows
in Interface schematle wheres the AJD is mamory mappad in
he BBOM system. For stmplicity, the €35 decading is shawn
isirg ve DMB092. Note that in many 5300 systems, an
iready decoded 475 line is brought out to the comman bus
it pin 21. This can be tied diractly ta the ©3 pin of the A/D,
srovided that no other devices are addressed at HX ADDR-
13008 or S0

"ha foliowing subrouting performs essentially the same func-
ion @s in the case of the SHE0A Intarface and it can be callec
rom anywhere in the user's pragram.

i Figure 16 the ADCD301 series is Interfaced to the MEA0D
mieroprocessar through (the aroitrarily chosen) Port B of the
MCER20 or MCBEZ1 Perpheral Interface Adapter, (PLA)
{are the ©F pin of the AD is grounded since the PIA is

atready memory mapped in the MBSOO system and no C5
decoding is necessan Alsa notice that e AT oulput data
lines are connested o the microprocessor bus wrder pro-
gram control through the PLA and therefore the A/D RD pin
can be grounded.

A zample interfsee program equivalent ta the pravious ane is
shown below Figure 16, The PlA Data and Gonlrod Registers
of Port B are located st HEX addresses BO0G and BOOF,
respectively.

5.0 GENERAL APPLICATIONS

The following applications show some Interesting uses for
tha AlD. The fact that one padicular microprocessor 15 used
s not meant to be restictive. Each of these application
circuits would have its countarpart Using any MiCroprocassor
thal 1z desired.

5.1 Multipis ADCOBRD1 Series to MCE800 CPU Interface

To transfer anzlng data frem saveral channels to & single
microprocessor system, a8 multiple wonvener scheme pre-
sents several advantages over tha canvantional mulfiplexer
single-converter approach. With the ADCOBOT series. the
differantial Inputs allow individaal saan adjustment for each
channel, Furtharmare, all analog input cnannels are sansed
simultanecusly, which essentially divides the microproces-
sor's total system servicing ime by the number of channais,
since all conversiens occur simultaneously. This acheme is
shown in Figurs T/,

e TR p"TOL*"
:1-(:} 1 4 ReE 1]
A
S
Hf
v b b e 2 I LY3"
—:OFI:I e d L = _—aqwm |1=
]
—.CI WA b 1) I:—-.—---. o
[ARE] ] ——— L 7L
L3 16 =
o InTh ] v e —— Y N | T
A 15 %
T ; ini oEl “_—t ol i
1T = ani L o
_ g—;mz AT fp— 1
B RF > = Vg il:H -:Ii__b os @ Ll
(RN [T e ———— i L
=

"__( K12 QI [

5—0{]—1:-: Eal iR

A PR T |

Nota 20: Mumbers in parsdieess rofer o MOES00 GPLE pin out.

17 maisf .._Dq_—. ans {25 [Hd]

e
LN

jll]l'll] Iili [ ¥ 14
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Note 24: Mumber o loans In brackels refet bo stendard KHERAO0 syatem comnmon bLS COCE.
FIGURE 15. ADCOB01-MCEB0D CPU Interface
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ADCO0801/ADC0802/ADCO803/ADCOBO4/ADCOBDS

Functional Description (centinuad)

Qoin
012
0015
0018
QOLE
OHLC
ooLp
OOLF
onz2
oozd
gozT
0028
Q024
Da2c
0328
00351
OG5S
G054

0036
0036
jalal}s
On3D
QO3

SAMPLE PROGRAM FOR Figure 15 ADC080-MCE800 CPU INTERFACE

DF 36
CE Q0 2C
FFFF FB
B7 5000
QE

3E

DE 34
BC 02 OF
2714

BT EQ 0O

a8

DF 34
20 F0
DE 34
Eg 0G0
AT 00
JB
o200

0Q o0
CE 42 00
DF 34
DE 36

a9

DATAIN 87X
LDX
STX
TAA
oLl
CONVRT WAl
LDX
CPX
BEQ
STAA
INX
SIX
ERA
INTRET LDX
LDAA
STAA
RTI
TEMP1 FOR

IEMF2 g ]
EHDF LOE
SI%
LOx
RIS

TENF2 : Save contentsaof X
£R002C : Upon TRY 1ow CFU
§FFFE 7 Junps to QO2C
§5000 : Start ADCOAOL

iWeit for interrupt

TEMFL

#§020F ; Ia final date atorad?

EHDP

§500D sRestarts ADCOBOL

TEMPL

CONVRT

TEMFL

$5000 ; Baad data

X ;Stoereltat X

$0200 ;5tarting address for
idptastoregs

0000

#E0200 ;Reinitialice TENFL

TEMFL

TENFZ

: Raturn from subroutine

tTouser’s pragram
SEOSAF] AN

Mote 22 |narder for T risoprocessc b seevice sObmtines st Inemupts, the stack palrter must he dimensionad in tha Lser's program,

18 3 (S
" Lh] ooz
10k
"'
Lol \..J .
2 18
. L CLE A
1 L] 10 lagy P8
o e I T
q_-.-.-.-'."-— CLK IN me 1!-2- PRI
ol T n oz II: —brez
i L
ANALOG O Vinge) oe3 = il
INPUTS (e L vipg g 0B | Pia
f i Vol pos
AGND DES >
hoad O Vg2 ues P— —>pis
_'L Gl nE? Lp o T

(b= FIEL TR R

FIGURE 16. ADC0801-MCG820 PIA Interface
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=unctional Description (continued,

SAMPLE PROGRAM FOR Figure 16 ADCOBDI—MCE820 PIA INTERFACE

0010 CE 00 38 DATAIN LDX
0013 FF FF F8 STX
0016 B6 80 06 LDAA
0012 aF CLRA
DOLA B7 80 07 STAL
oo B7 B0 08 STAA
0020 0E oL
oozl Ce 34 LDA3
0023 85 30 LDAA
0025 F7 8007 CONVRT STAB
0028 E7 8007 STAL
00Z2B 3E WAL
a02C DE 40 LDX
Q02E 8¢ 02 OF CFE
0o3L 27 OF BEQ
0033 0B INK
0034 DF 40 sIX
0036 20 ED BFA
0038 DE 40 INTRPT LLX
0034 B6 B0 06 LLAA
003D A7 0D STAA
003F 3B RIT
0040 0200 TEMFL FOB
Qo2 CE Q0200 ENDF LDE
0046 OF 40 STX
0047 9 RIS
FIADRE EQL
PIACRE EQU

Tha foliowing zzhematic snd sample subrauting (DATA IN)
may D used to interface (up to) B ADCGOB0T's directiy ta the
PCERN0 CPUL. This schome can easly ba extendad to allow
e interface of more converters. In His configuration he
convertars are (arbitrarily) localed st HEX address 5000 in
the MCES00 memary space, To save companents, tha clodke
sigral s derived from just one RC pair on the firs! converter.
This oulput drives the other ADs,

All the convarters are slared simultanscusly with a STORE
instruction &t HEX address 5000, Mote that any other HEX
address of the form SXXX will be decoded by the cirout,
pulling all the G5 inputs low, This can easily be aveided by
using a more definitive address deceding scheme. Al the
iarupis sra ORed togethar o insure that alf A/Ds nave
completed their conversion before the ISAOPIOCESSOT i
interupted.

The submuting, DATA IN, may be called from anywhare in
the User s program. Onee called, this routine Initializes the

#§0038 : Upon TR Low CFU
JEFFE : jumps to DO38
FIADRE ; Clear poasible TR flnga
PIACRE
PIACRE : 58t Port Bas tnput
#5334
#43D
FIACREB :&tarts ADCOBGL
PIACRE
;Wait for interrupt
TENPL
#§020F ;I3 rinal data stored?
ENDF
TEMF1
CONVRT
TENFL
FIAORE ;Eaad date in
b1 s Store it at X
40204 : Starting addrass for
:data Storage
#R0200 1Reinitialize TEMPL
TEMP1
7 Return from Subrout ine
SBode : o uker's program
§B00T

DEMEETT A

CPU, starls all the converters simulkansously and waits for
the intermupt signal. Upon receiving the intrript, it reads the
esnverters (frem HEX addresses 5000 threugn 3007) and
stores the data successively al (arblirarly shosen) HEX
gddressas 0200 to 0207, befora returning to the Usars pro-
gram. All GPL registers then recover {he arigingl data they
had before servicing DATA 1M,

5.2 Aulo-Zerced Differential Transducer Amplifier

and A/D Corverber

The differartial inputs of the ADCDS01 saries eliminata the
nead to perform a difterential o single ended Conversion for
a diffarentiat transducer. Thus, one op amp can be elimi-
naked sihce the diferantial to tingie ended conwarsion is
provided by the differential input of the ADCOBX sedies. In
general, a Lansducer preamp is required to take advantage
of the full A/D converter input dynamic range.

=t
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ADCOB01/ADC0802/ADCO803/ADCOB04/ADCOBOS

Functional Description (confinued)
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FIGURE 17. Interfacing Multiple A/Ds in an MCBBO0 Systam
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-unctional Description (Costinued)

SAMPLE PROGRAM FOR Figuwe 17 INTERFACING MULTIPLE A/D's IN AN MCEBD0 SYSTEM

ADDRESS HEX CODE MNEMOMNICS COMMENTS

oL DF 44 DATAIN §TIX TENF i 5ave Contentm af X
0oLs OE 00 24 LOX #50024 : Upon IRQ LOW CFU

0oLs FF FF F& ETX $FERE ; Jumps ta OD2A

aols BT 50 00 STAH §5000 s5tartapll ASD's

O01B LE CLI

Qo1c IE WAL ;Walt forinterrypt
0oLD CE 50 00 LDx #5000

fo20 DF 40 ETX INDEXL + Ra=st hoth INDEX

oo22 CEDQ2 00 LDX #30200 +1apd 2 to sterting
025 DF 42 5T IHDEXZ i addrasses

QoaT DE 44 Lo TENF

g0z b RIS : Return from subroutine
Q02A DE 40 THTRFT LOX INDEXIL1 : INDEXL — K

oo2c AE OO LOAA k1 ;Bend datain from &0 at X
QO2E : [¥:3 INE ; Itieremant X by ona

Q02F LF 30 ETE INDEX1 +X —+ INDEXL

0031 DE42 LDX INDEXE 1 INDEXZ2 — X

DEQCSET1 A%

SAMPLE PROGRAM FOR Ffigure 17 INTERFACING MULTIPLE AMD's IN AN MCEB00 BYSTEM

ADDRESS HEX CODE MNEMONICS
0033 AT DO STAA
D035 8C 0Z 07 CPX
DO5E 2705 BEQ
003A 0a IHNE
aolE DF 42 51X
0oEn 23 EH EEA
3F 3B REIVAH RTI
| 50 00 INDEX] FDE
ood2 o200 INDEXR ¥DE
044 00 an TEMT FDE

COMMENTS
X : Gtare deta at X
wRO20T ; Hawe a1l AfD' s besn read?
RETUEH s ¥a3: bhransh to RETURN
1 No: incramant X by one
THDEXZ ; £ —= INDEX=2
INTRFT ; Brench ta 0024
$5000 : Starting AaddTess for AfFD
B0200 : Stertlng address for data storoge
FO000

[EIESTEL AR

Nobs 351 |mordsr Bor b rracmaprocessc be senecn subroulines ard imamipts, She aiack pointor missl be dirrensionexd n e user's prograr,

Far amplidcaton of DG input signals. & masor systen emor is
the input offset valtage of the amplifiers used for the pream.
Figure 18 = a gain of 100 differential preamp whass oifset
voltage erors will be canceled by & zeroing 5u broutin:
which is parformed by the INSS080A microprocassar sys
. The totzl alowable input offset voltage ermor for Mis
preamp is only 50 gV for 14 LSB amor. This would obviouske
require very precise amplifiers. The axpression for the differ-
antial output voltage of the preamp s

el
Vo = [Mint+)—Vind ) [1 +ﬁ] +
| V=, =t
SIGNAL GAIN
sRa
(Vos; — Vosg — Yosg * kP (1 + H)

\ . S

D FRROA TEAM

where | is the curent through resistor Ry All of tha offset
orror terms can be cancelled by making £1:B.= Vo, *
Mogs = Vogzo This s the principle of this BUta-ZEroing
schama.

The IMSBCEDA, uses Ba 3 WD ports of an INSB255 Progra-
miable Perphesal [nterface (PP} to contral e auto zemsng
and Input data from the ADCOB01 as shown in Figure 16,
Tha PPI iz programmed for basic /0 eperation {made 0) wik
Port A belng an input port and Forts B and G being output
ports. Two bits of Port © are used to altematoly open of tloso
the 2 ewilchas at the input of the preamp: Switch SWT s
closed to force the preamp’s difersntial inpul to bea zem
during the zemoing subreuting and then opanad and BEW2 i
than clozed far conversion of the actual diferential inpul
signa., Using 2 swilches in this manner eliminates concem
for tha ©N resistance of the swalches as they must conduct
only the input bias currant of the input amplifies,

Output Port B Iz used as A successiva approximation ragls-
tar by the BOBED and the binary scaled resistars in serias witn
pach cutput bt create a [WA converter. Duting the zeming
subreuting, the woltage at W, increases of Cacreases as
required to make the differential putput voltage agual to zera.
This is accomplished by ensuring that the vollage at the
iutput of &1 is approvimately 2.5V sa that a logic “1* {a¥) on

a3
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ADC0801/ADC0802/ADC0303/ADCOB04/ADCOROS

Functional Description (continued)

any oatput of Port B will sounce curranl into node W, thus
raising the voltage at V., and making the output diferential
more negative, Cenvarsaly, a logic "0° (0V) will pull clment
out of node V,; and decreasa the voltage, causing tha differ-
ential oulpul o become more positive. For the resistor valk-
ues showrn, W, can move £12 my with a resolution of 50 Y,
which will null the offset ermer term to V4 LSB of fall-scale for

the ADCOB0T. Itis important that the voitage levels that drive
the auto-zere resstors he constant Also, for symmetry, a
loglc swing of OV 1o 5% is convenient. To achigve this, a
CMOS buffer is used for tha logle output signals of Port B
aned this CMOS package is powearad with 5 stable 5V source.
Buffer amplfier &1 |s necessary so that it can sounce or sink
the DFA autpul curmant,

mBl

41

:‘; R
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me
PRI S TUT
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Mote 26: R2 - 495 R
Mets 27 Swimhes gee LMCT333 CRMOE analog awitchas.
Mot 28: The 8 reslsbors ussd in e alco-7ero 8ecion can e 55 arance
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FIGURE ‘8. Gain of 100 Differential Transducer Preamp
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-unctional Description (continued)

\ 1 -
L JEEIL LD AFEL AIS pepcti s —ﬂ" %3
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i
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L=t FH e FEAT 4 n =
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FIGURE 19. Microprocessor Interface Circuitry for Differantial Preamp

4 flow chart for he zeraing submutiné is shown in Figure 20
t must be noted that the ADCO807 serles will output an ail
zoro code when [Leanverts a negative input [Viu(=) = Vi [+]]:
Alzo, @ logic invarsion exisls as al of the 11O ports are
huffaned with inverting gates,
Basically,  the data read is zero, the differemfial output
vollage 18 negative, so a bif in Port B iz cearad o pull ¥V
more negatve which will make the output more positive for
e next conversion, If the data read is nol <ema, the outpul
yollage s posiive 50 a bit in Port B is set ln make .. more
positives and the eutput more negativa. This continues for &
approcdrnations and the differential oulpul eventually con-
verges fo within 5 mY of zers.
The actual program |s given in Figure 21 Al addresses used
are cormpatible with the BLC R0 microcompular Sysiem,
In paricuiar:

Port A-and the ADCDE1 are at port sdd-ess E4

Fost B is at port addrass ES

Por iz at port address EG

PP cortrol word port s at port edidress EF

Program Countar automatically goes to ADDR:3C30 upon

acknowiedgement of an interupt from the ADCOB0T

5.3 Multlple A/D Converters in a Z-30 Interrupt

Driven Modo

In data acqulsition systems whers moena than one AD con-
verter (or olhar peripheral device] will be interrupting pro-
gram execition of a microprocessor, there is obviousiy a

nesd for tne CPU o daterming which devica requires sernyic-
ing. Figura 22 and the accompanying safbwars is a method
of determining which of 7 ADCOBD1 converfers has com-
pleted 2 conversion (INTR asserted) and is requesting an
intesrupl, This citcuit alows starting the A/D canverters in
any sequance, but will input and stors valid data from the
convarters with a priodty sequenca of A/D 1 being read first,
A 2 zecond, ete., through AL 7 which would have the
lowest prlerty for dats being read, Qaly the converlers
whose INT & asssrted will ba read.

The ey to decodig cirouitny is B DMTALEETE, B-bit D type

fip-flop. When the Z-B0 acknowladges the interrupt, tie
pregram is vectored b0 a data inpul Z-80 subrouting. Thizs
subrouting will read @ perpheral stetus word from the
DM74L.5373 which contains the logic stata of the TNTR
outputs of all the converters, Each converter which Initiates
antinterrupt will place a logic “0" in a unique bit pesltion in the
stakus word and tha subrouline will daterming the identity of
the converter and expcute a date raad. An identifier word
{which indicates which AJD the dats cams fram) is stored in
tha next saquential memory location above the location of
Ihe data so the program can keep track of the: Identity of e
data enterad,

35
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ADCO0801/ADC0B02/ADCOS03/ADC0804/ADCOBOS

Functional Description (Continued)

OPEN 31
CLO3E 5w

!

PREAMP IZ ZERDED

AND PROFER INPLT

CANYERIIDNE CAY
BF BOME

ETART TERDING
SIEROUTINE

CLOSE 5w
DFEN A

l

IWTIALLZE EAR
BT FDINTER
REE B~ X 'H

|

IMITIALIZE BAR
CODEIN REG &
REGE =¥'TF

B

DITPUT FIRST
SAR CODE
=Xl

b

HTARAT A/D AND
FEAD DATA

"R REG B WITH
REG [ TO ELEAR
BIT INPORT B
WHEN REAPPLIED

SHFT "™ IRAEL B
REGHT TOMIINT T
WENT BIT

AERLINER
ZERD?

"ERELUSIVE—OR™
REQ B WITHREG §
5 THEET KEXT BT

W POAT R

QUTPUT NEW EAR
EOOE T MIAT &

|

ST 20

FIGURE 20. Flow Chart for Auto-Zero Routing
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Functional Description (Coatinued)

iono 3ESO MVI S0
3002  DAET Out Contrel Part :Program FPI
D04 32801 MVIHOL Auta-Zera Subrontine
poe 70 MOV ALH
spoT  D3ES ouT ¢ :Cloze SW1 openm SW2
3009 OeBO UvIEEBO :Initialize SAR bit polinter
3D0E  JETF VI ATF :Ipitializo SAR code
3pOD  AF KOV €A Raturn
IDOE DIES OUT E 1 Fort B=5ABR code
3010 JlAA3D  LEI SF 3DAA FLart ;Dimenslon stack peinter
33 D3E4 oUT A +8tart AfD
inlE FE 1E
amle 00 HOF Logp iLospuntil THT asserted
17 03163D JHP Leop
IDlA  TA MOT AT Auto=Lero
ID1IE  CHOO ADI 00
3D1D CAZ2D3D JIZetl » Tect AfDoutput data for Zars
3p0 78 MOV A B Shift B i
3p2l  Fe0o ORI OO ; Clear carry
Ipa23 1P HAR 15hift "1" in B right one place
ID24 FEOOD CPI00 1IsEzerat If yes last
3D2e CAIYID JLDone ;epproximation has besn mads
b2 4% MOV B, A
EZpzA (033330 JMP NHewC
SDED b MOV A,C Ser C
3D2E  BO ORA B ;S5etbitinCthet is4in sama
JDZF  4F MOV O, A ipesitionas 1" inB
D30 C32030 2 JUPShiftE
ID3IF  AS ERa C Hew C ;Clearbit inCthat 15 40
3p34 CIQD3D  JYMF Return ;3ame positionas *1% in B
BDAT 47 MOV E, A Dane rtheanoutpot new SAR code.
insg  TC MOT ALH + Open SWL, close SWE then
5039  EEQD3 REL O3 rprooeed with program. Préamp
303 D3E8 pur g r1s newzeroed.
J03D L Rormal

-

L]

Frogrem for processing

proper datavalues
I03D DEE4 IRA Read A/D Subroutine cFead ASD data
30%F  EETF ARL FF Invert data
3041 &Y MOV D, A
3c4z 78 MOV A, B ;1 IsBReg =07 If ool SLay
3C43 E6FT ANI FF i 1o auto zero subrovtine
T4  O21A3D  JHE Autos-Zare
3cdg  C33D30  JIMF Normal

Mate 20: All pumearical values are hezaderimal rapregantations.

= HiE Ty B

FIGURE M. Software for Auto-Zerced Differential AID

5.3 Multipie A/D Gonverters in a Z-80 Interrupt Driven

Mode (Continued)

The folowing nates apply:

+  |Lis assumed that the CPU auternatically perferme a RST
7 instruction when a valid interropt s acknowledged
(CPU s in inferupt mods 1) Hence, the subroatine
starting address of X0038.

+  The address bus from the Z-80 and the data bus o the
F-B0 are assumad o be invertad by bus drivers.

«  AJD data and idenkifying words will be slored in 2eque-
tial memery |ocations staring at the arbitarly chosso
address ¥ 3E00.

+  The stack peintar must ba dimensicned in e main pro-
gram as ke RST 7 inatnaction automaticelly pushes the
P gulo the stack and the subrouting uses an additional
B zlack addresses.

- The petipherals of concern ara mapped into W0 space
with the following por asslgnments:

c0e02avY/r02000Y/E02000Y/Z08020Y/LD202OY

a7
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ADCO0801/ADC0302/ADC0803/ADC0R04/ADCO805

Functional Description (contined) HEX PORT ADDRESS PERIPHERAL
04 AID 4
HEX PORT ADDRESS PERIPHERAL i WOE
0o MM74C374 B-bit flip-flop 2 ek
b1 AD 1 o7 AD 7
u2 AD 2 This port address also serves as the A/D ldentifying word in
03 AD 3 the program.

] B
v T e
st
— a3
THT ey — B} 1
AN =LAL]
TATE
[T] 1] [
], [pr— == Pk ami |
5] -y or
j — 11 o arnm
orraBeE 3 |3 seossrm
TR G ]
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FIGURE 22. Multiple AlDs with Z-80 Type Microprocessor
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-unctional Description (Continued)

INTEARUPT SERVICING SUEBROUTINE

LOC
038
Qo35
Q034
Q038
Q03K
Q040
Oo4z
00ad
0o4s
046
Q048
4R
Lo4C
Q04D
DIE
Do5L
[gEEN
oo&E
0057
G058
00SA
QOSE
0aBC
Q5D
008q
0061l
ods2
0085

OEJ CODE

C2 4500
ED 78
EE FF
i

2C

Tl

2C
C3slon
Fl

C1

El

ce

TEET

NEXT

LoaD

DOHNE

SOURCE

STATEMENT
FUSH HL:
FUSHEBC
FUSH AF
LD {HLj , X300
LDhC, FO1
OUT I00, A
IHA, E00
LD E,&
LDA.C
CF, X08
JPZ, DOME
LDABE
ERA
LOB,A&
JPC, LOAD
INC 2
JP,TEST
INA, [}
XOR FF
LD {HL} A
INC L
LD {HL} 8
IKCL
JF,NEXT
POP AF
FOF EC
POPEL
RET

COMMENT
:Save contents orall regletersaffected by
s this subreutine.
;fgsumed INT mode 1 eerlier set.

;Ipdtialize memory polnter where datawill be 5tored.

sCregisterwill be port ADDR of A/D converters.
; Load peripheral status word inte B=hit lateh.
rLoad statusword into accumulatar.

s Save the statusword.

:Test tosee 1P the atetus of all A/D' s have

i been checked. IXso, exit Subroutine

;Test s siogle bit inatetus word by logking for
;a %1% to be rotated inte the CARRY [an INT

rie Ipaded az n "1%) . If CABRY 16 Set than Load
;contents of /D et part ADDR in C register.

+ If CARRY 1sniot sat, inervement C register to point

;lo ezt AfD, Lthepntest next bit iostatus word.
*Read data from intarrupting /D and invert
:the data.

;Stare the date

s Store AfD identifier (A/D port ADDR) .

s Test next bit inatatusword,
rRe=gatablish Bll registears A3 they wers
i before the interrupt.

iReturnto erigioal program

CUFAInAT -4
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ADCOB01/ADC0802/ADC0303/ADC0804/ADCOBOS

Physical Dimensions inches (milimeters) unlass stherwise noted
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Notes

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE A5 CRITICAL COMPOMNENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GEMERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used hareir:

sisyeAu0) /v ajquedwog 4 3ig-g S08000AV/¥0800AV/€08000AV/Z0802AY/L0B0DAYV

1. Life suppart devices or systems @re cevices or 2. A critical compenent is any component of a life
systerns which, (&) are intended for surgical implant suppart device or system whese failure © perform
into the body, or (b} support or sustain life, ard can he reasonably expectad 10 cause the failure of
whose failure to perform when properly used in the Ife supporl device or system, or to affect its
accordance with instructions for use provided In the safety or effectivenses.

labeling, can be reasonably expectad to resull in a
significant injury to the user.
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CD4016BC
Quad Bilateral Switch

General Description

The COLOERE 14 a guad bilataral switeh intandad bor tha
frasrmsrniasion ar muliiplexing of anstog or diglhel sigras. =
pin-for-piny compatibie witt; COAMEEEC,

Features
B Wide supply vollaga ranga: X ta 15V
B Wida range of digifal and arsiog awitching: 575 Vingay
B T Razletancs for 15V aperation: 4004 (tvp)
B Matched "OH° Resistarca over 15% signal input
AR ey~ 1041 {typ)
B High degres of inearty:
0.4%, dietartion fyp)
@ e ="1kHe, Vg = 5 Vi
ViopWag= 10V, By = 10 kD
B Extremety low "OFF swilch leakaga:

mavernber 1983
Revised March 2002

B Extramaly high conirol inputimpedance; 107 0L (typ)
B Low crosstalk, batwaan switches:

=560 dB {typ.)

fEfig=0.9 MHz, 7B =1kQ
W Frequency rasponse, awibch "0 40 MHz {lyp)

Applications
+ Anolag nignal awitchingmuliphexing
Signal gating
Squakch controd
Sl ypser
Mod utstonTremadulator
Comrutating switch
» Digital signad switchimgimultiplaxing
= DMOE gl nplemanstalion
+  ARalog-to-digabdigital-to-analog corversion

0.4 nd thp ) + Digited cantod of frequency, enpedanca, phase and
@ Vg = Ve = 10V analcg-kignal galn
T, =25°C
Ordering Code:
Groer Humber | Package Humber Fackags Descrption
CO4016BCM Mida TALaad Sz Duting Integraen Gt {301G), JEDEC Mo-012, O 130" Narow
COd01680M h14a 14-Lend Plashc Dus-In-Lira Package {FONF), JEDEG MS-001, £.300° Wide

Connection Diagram

.muu@_r@ I
i 14

DUTTH TOMEI0L &
T = I_EL"— CONADLD
[LTHITRE A lL /Oour

BOATRY. T — 2

PITV N
% *

L3
BITih

1

Diovices olaa wAlaEl In Tape e Fas | Spachy Iy appending e Eme slx " m b ridiring s,

Schematic Dlagram

B U T ety :F

11

01

#2002 Fairchile Samiconducion Conporation DS0aEEE 1

wraw falrchlidzami com
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CD4016BC

Absolute Maximum Ratingsoe 1

(ke )

Vo Sapply Voltage
Wirg Inptif Vedtage

Te Storage Temperalure Range

Fower Dissipation (P
Dhial=In-Ling
Srrad| Cuallivn

Laad Tempereture

{Soldenmg, 10 secands)

L5 b 18V
OBV LW + 05Y
—5C 3+ 150°C

100 miy
EO0 mY

PEOT

DC Electrical Characteristics (Noto 2

Recommended Operating
Conditions How 2

Wi Supply Vaoltage

Vi Input Vialtage

I a Cperating Temperaiure Rangs

IV b 18V
oV to Yoo
_GED b 1250

Wata 11 “Abasirs Maxkraim Faings” &t thone voles heyood waich e
wndaty of e dovice cannot ba guammsad Thay aro nol moenl o Frgrif
et thi devices showd ba operaled st theag imiks, Tha tebies of Recam-
manded Gporadng Gomdilern™ mdl *Elactical Charechessiics’ pronvide won-
Ao for aohas teyves apaEon.

Mobe 7 s - MW ks athenwise specfed,

—aC Fo i +126°C
Sy mibied Parameter Canditiens i Uintta
WMin | Max | Min | Typ | Max | Min | #ax
e Cluieacanl Devea Wop = 57, Wi = Voo BF Ve FD 001 | fes TS5 | pA
Currant Vop= 1Y, Y= Wog OF Yag oLk a0l | as 18 | pa
Mo = 99, Vi = Yan ar'ise 1.0 LTI M| e
Signal inputs s Guiputs
7 0N Rassance )~ 10KG e (¥4 — Yga i3 I
W= Vg Vi - Yas of Won
V=1 600 250 | 680 880 | L
Vg = 18 200 200 | s00 | Be0 | W
Fiy = 10keltn (¥pg - Vashd
W= Yoo
Mg = TO0, Vg = 4.6 1o S.25¢ 1870 (T BT w0 | o
Wop = 18, Vg = T.25 1o 175 7 400 | BB 120 | &
AFiopg AN Piesinteem Ry = 10sld o Bgn — Vias)2
Balwsesry @y 2 of W= Vo W™ Ve oWy
4 Swhehes Wpg = 10K 15 o
{Ir: Sanie Packaga] Vpp= 15V i 11
i TP o Sl =y YT 250 .1 | =50 £EED |k
Luosfags Wy = OV o 16V,
Basles TIFF Vo = 16V or Ty
Conleel npats
Wie L Lavel Inpat Wig— Wagand Van l
Welizge Wy = Vi 8nd ¥gg
[P R Y
Wy k] 1N L= N
Voo 1LV na af &5 v
V= 16Y 8 i £5 y
Vi FH | s Irgetl [T 35 FE] FE) W
Yaliage W= 10 T.0 Ta T \
W - 18Y 1.0 e 110 W
| {Miha 5} and Tabio 1
i [P Gurrart [ 1 AT | L =0 | ok
Vi Wig i Was
Wope YpE W {

levnls. Hiho analog awilin Vaplr s connoooed 1 Vgs.
cirmeat aned Gk antain 0 Wy, 5 7 e, Thada cumenks s ahiwn i Toble 1

Hotn 3 F =1m wwhch input i5 haold gt Ve Ve ® i comrcl lapat inunl i wH baee e swish citpd o meel U siandand ‘B’ sares Vo & oy oEnr
Wy bt Gontre Snpuk vl — which llove the wwiizh o sink st "R aRias [l HiCH o

winid Talrchildaemi_com




AC Electrical Characterlstics (towa)

Ta= 250, b= t=20 ne and Vge =0 ukes alharwiaa spaciisd

By mbol Paramskar Camditions TR Max Units
b T Progagalicn Dalay Time e = ¥, B = 3 R Figam 1)
Signal Inpud o Signal Qupue R — 20
Wiy = 5V S8 1K s
W= 10% T 50 s
b = BN a0 a0 na
ez Ypae Frapagation Oclny T Ry = 1.0k, C =50 oF, (Faura 2; Figura 3
Contmal Inms o Sgral g = B 0 50 ns
Dulg FHIGH impedonce b Yop = 108 18 A ns
Logieal Loval Mo = 154 17 n ne
lapzr: Ipz Propagatian Desay Tirg Ay - " A kaa G- 50 pF [Flguna &, Fagure 3)
Lanto! Inpul bo Sigral Vo= 5Y 15 40 e
Dutmat Logicsl Lavel to Wop = 1Y i b3 e
HIEH Impadencs Wog— 154 ik 22 P
Sira Wnen Distorlion W= Vo= T, Vg ==0 oA e
Fig = 10 kb, Wig = 5 Vo, F= 1hHE
[Hgure 4)
Frad Janty Feapanse — Swilth [T T T ——_ Fr WHz
O {Frequency at—3 i) B =1 3, Vi =5 Vpos,
2Ly ¥oaVios [1 kHe) =oE,
(Figure 4]
Fwimd hiagh — Sweitch "DFF Wiy = B, Wi = Wge==80 126 MHz
IFreguency & =50 o) Ry= 1 KLk Vg =i Ve
20 Loy (W pad¥sch = —80 dB,
(Fizre d)
Crassialk Batwean Ay Tw Nog = Yigge= 3 Vg = Wop,=-5Y o9 WHz
Switchas (Frequancy e -5 A8} Rp= 1 iy = EWp g
2] Logn {¥seVisie ) = —57 4B,
{Figura 5|
Creestaik; Cerdml ippul ko Vo= MY R =10k 153 MYpp
Sigral Outpul Ry = 1Ll Ve - 10V Square W,
G = 50pF IFiguo &)
Mamum Cambd livl R, =1 Kk & - B0 pf, [Fipwa T
1 Negpy ™ vest! kHzt
Voo = BV 5 MHz
W= 30 80 LIRS
Y= 15 &0 hiHz
_51.5_ Sigral input Camacianes ! il
[ Figral O Capestanca Vrn - 0¥ 1 aF
Cing Fasfititugh Gapsstancs W= 0z aF
[ I . 5 Th oF

ap@cficed:

Mata 4 AL Porersiers ane guammood by GG somalaed arng
Mot 3 Thase deviocs chapid e ba connacked 1o creke with e Jowas O
Mot € 10 el ~ases, hiers g APPEKMabohy 3 o8 of preos and [l saceclian o e AEUT doweeen,

o Ti g Ik thia vohape at the Infen pit énd Wy le the ynlimpo atthe cubln pin W i tha wokage 9 e énnira inpuk

FiE capaooncs b acioded in S wharewer & i

tad

woprve Talrchlidsrmi .com
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CD4016BC

AC Test Circuits and Switching Time Waveforms

¥io
"-'fu LT I| r'
oo =
[METIL. Wea T an
TLg] ® LT 1
L1 tiepan o0 B
B

Lr=T] 'rHZ
¥
WAL Vg
Vi Vi BT g s 00119
Fay
FIGURE 2. g7y, tpwiz Propagation Delay Time Control to Slgnal Output
ez pLz
) Ven ¥
* n, iz
T 'ff' g - i -
- b 1R i " -
Vig ~ PRl iy % il g
- E.r van g win
i n
= - < waL o
FIGURE 3. tprys Ly Propagation Delay Time Contral to Skgnal Culput
UE B
L%
TONTROL Vo
R | LT
g ——fswmaT 28 nuTaN Vg
-5

W

W = g dar distortion Bl Tieglancy respairse ais
W' =Wy forisadilinegh st

FIGURE 4. Sing Wawvas Diatortion, Frequancy Response and Feadthrough

1
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AC Test Circuits and Switching Time Waveforms (contnued)

FLOAl = W

Miglhl

VeI = Vg __.—I

L LU RN U

Yg

LT

meout, 184 gupas

w

|

TRTHOL Wy

——inrtin “: 0L purig

11LGHES
bk~

TrolAl

-5k

1=

CORTHAL Wy

10F4
swrcreg "

s

(LB

gkl

-B

Vigin

e

"3

=254 — 4

FIGURE 5. Crosslalk Between Any Two Switches

GORTRAGL

Van

e T ES

s
{3 ‘
TIuTaaL epg
T e L LT ‘?-\I‘#EI:H FITH
|
_i'

L

AGURE 7, Maximum Control Input Frequency
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CD4D16BC

TABLE 1, CO431EB Switch Test Conditions for V.

Temparatune Switeh Input Switeh Output
Range Voo Vg lig (ma} VsVl
wc 250 5T Min Max
5 o 03 016 012 04
5 5 - 016 Oz 48
10 a 0.5 0.4 0. 0.5
e il 13 0.5 0.4 04 a5
15 a 1.4 12 i 5
15 15 -14 Z4:3 -1.0 155

Typlcal Performance Characteristics

"OM" Reslstance va,
Signal Yoltage Ty - 25C

G
Bl

-

| :1|Il'l|u'u—'i'1ﬁ=lw

To0

&on
508

i

200

L/

g —

AN

Yee= 184

S WSS

CHAMNEL 'ON' RESISTAMCE [Ronllsn

17

|

-B-f =4 =2 0 T 1

SIEMAL INFUT (%5}

g

'‘ON' Reslstaness Tempersture Varlation
feur Wpp — Vg =10V

CHANMEL ‘0N’ RESRETRMCE (Plou M)

101

\s & 4178
\'ﬁ +R5°E
I R

2 407G
W - 55U

i S E—

- =
SRAL IKPUT (¥g|(¥)

'ON' Resistancs Temperature Varlation

CHAKNEL ‘TN’ RESISTANGE (RS2l

for

Wop— Vg =15V

oy - T

Lth)

A

a0

w o+

g R
| o Laser ot
-

126 "L

A

O

w0

f'

N

1

7

7 | A

7
7

03

e
oy,
e

A
=
ﬁi 8 TS

/49,

i1

_i_

-i k-4 -2 0 1 4

FIGNAL INPUT Wil

1

N
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Typical Applications
4 Input Multiplexer

1 0F &

SILANHEL 1 EWITOHES

i T—

i bF 4

LHNAMEL 2

SWATCHES

E 1EF
CHARMEL 1 o

CHAMHEL &

SampheHold Amplifisr

4 AF 4

HEUT SANTCHES

L¥asa
L AuF

§

Special Conslderations

2994000

(=010

L OUTHIT

Tne COMOIEE i3 compossd of 4, fwo-mansisker asalog
ewiiohas, Thess swichas do not e any linesnzabon or
compansation creuley for "Reey” ssodo e CDE0GEE'S
Bocpuse of this. tha special operating consideratons fo
the CO40688 do not egely b the 040168, but Bt bw sup-
piy woltages, sBY, ihe CRADTER': On Raslsance beommes

rerlingar I is meeomrended that 51 54, vollagas on the
iyl pirs e magntained within ol 1% of slther Wiy or
Wegr and that ab 3V e vollages an the infaul pins shoold
be 2t Vo or Ve Tor reliabla oparation.

T wear fa robdeem] .com
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Physical Dimensions inches (milimaters) uniess otherwise noted

1% - Rl

|" TET] -a.m_"l

L LR 1| 11

ApftAnga
L-TEET I -
TR Y
RS g g cah
10 253

UL o RET)
{010 - 2580) l"" A
1 -
u,: :m:. wi’ TLHE— 1755
L& 1° WAk TR i Ll R
ALLLEALE T k
— L sratin - - LT =T . i
N
|:-.?.:E:g::zl i SHE— bW oan R = s *%m
ArPaLl W EE L] |asE—1 T ™R | L]
T TP ALL LEREE ——— o

ALL LEAD T3

1a-Lead Small Outiing Integrated Circuit (SOIC), JEDEC ME-012, D, 150" Narrow
Package Mumber M14A

wnw Tairchildseenl com




Physical Dimensions inches (milimaters) usiess ainermss nates {Continue)

YIUMS [E40IENE PEND DESLOYAD

0741 -0.TH
| T BI-MG56F e
0,80
S O
[ [ [ [ ]
[
P 0L LD
Et} /}\J ETOTE. M)
PN 1 i x
INERT GF Tl D [s]ie T3]
O L B0 NAX
[EEET] FLTST DEFTH
e
B 0.0
{5 AR E0IET
.18 0,20 _ L0 g : pres
[ 58| ua W ] ,ﬂll ey
[ F [
| B
__r__ =3 | _j'_
A M a0 TP
J0EE ; - [ !
w A | i I *]j 0073 z4.018
pam-—. ] el =
PN
anicean T e - DAt ERAI
[ | amsisom I TF R
i Eg
e 101
{u.m - nam

M PR

1d-Lead Plastic Dual-in-Lins Packags (FOFP), JEDEC MS5-01, 0.2007 Wide
Packaga Numbar M14A

Faireiid deds nod aseuma any resporaloliny far cse of any croudry ceecrioed. no crcult patent lcansss we impllad and
Fairchild ressnaa the ght al avy ime without notics 1o changs esid cirmuitny ane spacilicalian:

LIFE SUPFORT POLICY

EAIECHILDYS PRODUCTS ARE NOT AUTHORIZED FOR USE &8 CRITICAL COMPUONENIS 1N UFE SUPPORT
SEVICES O SYSTEME WITHOUT THE EXPRCSS WRITTEM APPROVAL OF THE PRESIDENT OF FAIRCHILD

SEMICONOUCTOR CORPORMATION. A5 used heresn:

1, Lita support devices or ByEtams am devioes or Syshems
which, {a) are Imended for surgical implant imlo 1he
body, or (i) suppor ar asetein e and jof whoss falura
o perforin when propary wsed 0 accordaica wils
Inedructions far use provided inthe tabeling, €37 e raa-
eonably saprcisd bo result in a signifcant infury o the
(L=

2. A critical cempanent nany companant af a e suppod
dEvicE O S« Whoss fiure o perfomi can be reas
annahly axpactisd 10 causs tha Taium of 1he ife suppar
davica or systam, o to affoct ils sataly or effacivanass

wearei Talrehlidesmil.com

k) wws foirchikdsami.com




Philips Semiconduetars Product specification

LM124/224/324/324A/

L
ow power quad op amps SA534/LM2902

PIN CONFIGURATION
D, F, N Packages

OUTPUT 1 | 1 14 | OUTPUT 4

o
- et
i
—HPUT1 l # 1% I— 13 | —iMPwT 4
—11 S
-4 i

HMPUTY | 3

DESCRIPTION

The LA 24/SA534/L M2802 saries congists of four independani,
high-galn, Internally frequency-compensated opemlional ampiifiers
designed specifically lo eperats from a single powe: supply over a
wida range of voltages.

UNIQUE FEATURES

I the linear mada, (he input common-mode vollage mngs indudas

grourd and the outpul vollage can alse swing o ground, even Va E 1| ono

theugh oparated from only a singls powar supply voltage. T E—| ik i

The unity gain crossova’ frequency and the inpul bizs curmaitlare ) __J_' %_

tamperalure-compansatad. —MPUT 2 [5 y SR meLTa

QIFTPUT 2 E B | oUTPUT 3

FEATURES

® |nternally frequancy-compensated for unity gain ToFvER SLOOES

® Larga DC voltags pain: 10048 Figure 1, Pin Conflguration

& yyida bandwidih (unily gainy: 1hMHz (femperalure-compensated)

® Vide power supply range Single supoly: g to 30Vpe ar cual
rupplies: £1.5Ypeo to £15Voo

® Viary low supoly curment drain: essenfially indepandent af supply
vattags [ 1eWiop amp al +5Vpe)

® Low inpul blasing current 48nfns (lemperature-compansated}

& Low input affsel volage: 2mioe and offsel current SnAnc

= Differential inpul volisge range squal to the power supply vollags

® Lams oulpal vizltaga: Woe 10 Yees1. 5V oo swing

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
14-Pin Piaslic Dual [n-Line FPackags (DIF) S50+ 250 LMA24H BOTETA
14-Pim Caramic Dual Indine Packagea (CERDIF) -55°C o #1250 La124F 5816
14-Pir Flaatic Dual In-Line Packags {THF) -25°C 10 48570 LMZ24 N SOT27-1
14-Rin Caramic Dual In-Line Package (CERDIF) OB o +BEC | MAZAF 05816
14-Fin Plastic Small Culking (5C) Package =25°C fa +85°C LMz240 5OT108-1
14-Pin Plastic Dual In-Lina Package (DIF ) 00 ta #7070 LM3Z24H SOT2T-
14-Plrn Ceramic Dual In-Line Package (CERDIF) 0°C 1o +70MG LM3z4F 05516
14-Pin Flastic Small Oulline (S0} Package o +707C L340 SOT108-1
14-Pin Plastc Dual In-Line Package (DIF) B fa +70°C LM3Z48N S0T27-1
14-Pin Flaslic Small Qutlineg (50) Package gt 700 LME24AD SOT108-1
14-F n Fiaztic Dual In-Line Package (DIF}) 407G 10 +85°C SA54N SOT2
14-Pin Ceramic Dual InLine Package (CERDIP}) =107 fo «B5"C SA5MF as81B
14-Pir Plastic Small Culling {S0) Package A0 e +85°C SARAAT SOTI0E-1
14-Pin Plastic Smal Outling {S0) Packagsa A0 wo +125°C Lrzso20 SOT10841
14-Bin Plastic Dual inLine Packags (DIP) DG e +125°C LRAZE02N SOTAT-A
A51-0428 16050

1905 Mov 27




Phillps Semiconduciors

Product specificalian

LM124/224/324/324A/
Low power quad op amps SA534/LM2902
ABSCOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Ve Supply voliage 32 or+1B Vo
Wie Differentlal lnput voliage a2 Voo
Vin Input vollage 4.3 10 +32 Vio
Pp Wlai i pqwqr dissipation.
Ta=257C (still-gir}!
M package 1420 1
F package 1180 iy
D pachage 1040 by
Dulpul short-circyit to GHD ane amphiflse ———
Vor<19Woo and Ta=25°C )
™ Input current (Wip=-0.3v) 50 =y
Ta Operaling ambiant termparature mage
LM3240h, Oto +70 He,
Lh2z4 -25 to +B5 e
BA534 -40 to +B5 =
L2802 -4} b +125 C
Lhi124 =H5to +125 2L
Tera Storage lemperalure f@Enga -5 10 +150 =
Tsown Lead soldsring lemperalurs {1058C mas) 300 €
NOTES:

1. Derate above 28°C at tha lollewing ratos:
F package ai 9.5mW"C
M peckage al 13.4mWrC
O pac<age at 8 3mWEC

2 Shortgircuils from the oulput o Ve

+ an canss sxcassive healing and aveniual destruction. | Fe maximum outpul cumen: &5 Approsimaiely

40ma, indagendent of 1he magnilde of Vi, M values of supply valtage |n excsss of +158Wpg continuaus short-circuils car excasd the
power dissipation ratings and cause avaniual destricion,
3 This inpul curtenl will only existwhan fhe vellage at aty of the inpul lsads is deiven negatve. It 35 due to the collectar-base jurction of the
inpul PNP franssios bacerming forward biased and thersby acting as inpul Bias clamps, |r addilivn, Ihers s also ateral NPN parasitic
lransistor aclian oo the IG chip, This action can causa the oulput voliages of hy op amps to go olhe W zail {or b ground for & larga
mverdrive) during the fime thal e input is diven negative.

1995 Now 27




Phllips Semiconduciors Product spacificatior
LM124/224 24A/
Low power quad op amps 32413
SA534/LM2902
DC ELECTRICAL CHARACTERISTICS
Wop=8W, Ta=25°C unlass othenwise specified.
LM124/LM224 A24/SASA L MG
SYMBOL PARAMETER TEST CONDITIONS - LM e UNIT
Min Typ Max Min Typ Max
Rg=002 2 5 2 7
Orifsel 1
Vos valtage B0, crer Bp, T - (i
AVgsiaT | Temperaiure drift Rig=0L1 ovser femp, 7 T TAN
: g+ 2 g -} 45 150 45 250
1
BlAS Ik U Ipi* T ar lpqi-t. over temp a0 300 0 500 nA
AlpasfaT | Termperaturs drift Chvar :Bmp, 5 50 pASC
e+ Fial-) FE] +30 3 150
O
los SRR I+ ), over temp. +100 1160 nA
Alpg/aT Temperaturs drifl Crvar lemp, 10 10 A
u Comman-mode vollage WrpEaly 0 YWeo18 Vep-18 "
o range? Voosah, aver temp. 0 Vec2 | 0 Vo2
cMRr | Commen-mode Bdpehsa ——, 70 | &5 65 | 70 dB
R= o
Vour Culput valage swing LRl 1'3__r‘]3p A 26 26 v
W,
Vo Culpul voltage high HL51::2; :‘frﬁ]ﬂ:' ¥ 27 | 28 37 | 28 W
Ry <Ly,
Val, Chiipist woltags low m;r i, 5 20 5 20 m
Zoa, Vep =30V,
over mmp, 1.5 3 1.3 3
lee Supply currant e Fruh
o 0.7 12 07 1.2
oV femp.
Woom 18 o large Vo
swing), R 32k0 a0 100 25 100
Paral Large-aignal wiltagsa cain Yop=1 8 For larme Vs Wiy
swing), R =2kLy, 23 15
avertemp,
Arnplifier-lo-ampliter f=1kHz Lo HkHz,
oouplingd input raferred e el 4B
PZRR Powear supply rejection ratio Reae] B 100 ik 108 db
Cutput currant Wit =0, .
soutce Noo=15Y s i R
WipF=E 1Y, V=0,
Ver=15V, over tamp. 0] 20 LA .
i
W=t W, W =00,
lanT Cutpul current I ‘U'cc,:ig-" 10 20 10 20
_ W=+ 1%, Yy +=0,
sink Viee=15Y, Gver tamp. o B 2 8
"I.Irm—_""l"l.l', Y +=0Y,
Wy=200mY 12 50 12 at [TE
far Short=circuit current? 10 40 0 10 44 &0l m
GRW Unily gain bandwidih 1 1 MHz
SR Slow rate 0.3 0.3 WL
Vioiee Input noise voltage f=1kHz 40 A0y i He
Wi FE Differantial inpat vollage® Voo Vo v
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Philips Samiconductorns Predust spacificalion

Low power quad op amps

|LM124/224/324/324A/

SAB534/LM2902
DC ELECTRICAL CHARACTERISTICS (Continued)
Yo=Y, Ta=25"C unlets othaniea specified,
LM324A
PARAM T
SYMEOL ETER EET CONDITIONS = Tvr ™ UMNIT
W, Oifset valtage’ i il = 2 It
©3 i Rg=04L over lemp 4R i
AVOAT Temperaiurs drift Rg=041, aver lemp. 7 30 AL
: I +3 o Biyi-d 45 100
| rant L.
BiS AL B Tt *) O -], var temp. D 200 il
AlgrasfaT Temperalure drift Civer temp. B0 pfeC
B+ Hieal-} 5 +30
i el G L
os Ciffsel curran T I}, over e, e ol
alpsfaT Temperature drift Chear lemp. 10 300 pASC
Ve Common-mode voltage mnge® W =30 i Vee-1.5 W
"-I’;_-._;::iw. oveEr |EFI1|:II i} UCI:'E W
CMRR Comman-rmode refection ratio Vgg=amy B85 85 dR
Ry =20k Viee=30Y,
YouT Cutput vollage swing over lemp, 2B W
Wop Cutput voltage High Ry =10kl Ven=300, ever lamp. ¥ 28 W
Ry =10k4,
Vo Critput voltage low Sk g 5 20 iy
o Supphy current == Voro=30W over lamp. 15 3 ms
R ==a, over lamp, o7 1.2 ma
BaroL Lame-signal woltage gain Wee=15Y (for lage Vo swing), H 22kt 25 100 Wi
Vee=15V (for large Vo swing), Fy =2 kL 15 oy
owar temp.
; =" kHz lu 20kHz
L i iR ' )
Amplfier-ta-amplilier couging imput refatred 120 dB
FERR Power supply rejection ralio Flg=051 65 100 dE
Crulput current
m”:mg Wingk== W, V=0V, Vop=15V 20 40 ik
W=+ W, W= Wiop=1 5, aver femp. 1a 20 M,
laur Dualput crreni I'q'r:rqﬁ='|‘1 W, 'U'|h"=u1h'll Uc,u=15l|||'- 10 20 ma
&ink Wi=+10, W=V W= 1B aver lamp. 5 5 TS
I'l'I|N_—-*""\". I'-'I|N+=ﬂ1ur| VO=EUI:I-|'H‘U' 12 ] [T
s Short-circuit current? 10 40 a0 mé
YhoiEr Differantial input vollage® Ve W
GEW Uinity gain bandwidth 1 MHz
=R Slaw rate b3 Wips
ViisE Input maise voltage f=1kHz 40 niHz
NOTES:

1.
2

3.

4.

W = 1 Wpe, Re=0lwith Wop from B io 30 and over Rl input somimon-mode rangs (Moo + 10 Yo -1.0%)

The direction af the inpul current is aut of the |G due ta the PHP inpul stage This currerl s assentially constant independsnt of the slate of
the output sa no losding change exists on thea input lines,

The Input comman-mode voltage ar either inplt signal woitags should not be allowed ta o negative by mar than B3V The upper and of the
comman-mode voltage range s Ve =1.5, but sithes o bath inputs can ga ko +32V without damege.

Sho-clrouils from e output 10 Vs can cause excessive heating and eventual destruction. The maximum oulpul CUNent i Approximalely
d0me indesendent of be magnitede of Voo- A& values of supply voltage in excess of +15Vne. conlineols short-crouits can excaad the
power disspaten ratings and causa eventual geslnuctior, Deastructive dissipation can result from simulnecus shors on all amplifiars.

Due to prosimily of external components, insure thal cauing is not originating via slray capscilance betwean these & xtemal parls. This
typically can be detected as this fype of coupling increases al higher frequancies,
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Philips Semiconductas Product speclfication

LM124/224/324/324A/
Low power quad op amps SA534/LM2902
EQUIVALENT CIRCUIT
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Figure 2. Equivalent Circuit
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2hilllps Semiconduciars

Praduct specificalion

Low power quad op amps

LM124/224/324/324 A/
SA534/LM2902

TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 3. Typleal Performance Characteristics




Philips Semiconduciors

Praduc! specificalicn

Low power quad op amps

LIM124/224/324/324A/
SA534/LM2902

TYPICAL PERFORMANCE CHARACTERISTICS (Confinued)
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Figure 4. Typical Perfonmance Characteristics {cont.)

TYPICAL APPLICATIONS

Single Supply Invarting Amplifiar
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Figura 5. Typlcal Applications




54157/DM54157/DM74157

General Description

Thesa data  selectora/multiplexers contain nearters and
drivers to sppdy full co-chip data selection to tha four ot
put gates, & saparete srobe inpud i pravided. A 4-bit word
i& anlocted trom ore of two SaUrces and |8 soutss to the foar
outpuiz.

Applications

® Ewpand any deta Input poinl

8 Muthplax dual data buses

® Generate lour functiona of two vaiables {ons vanabie
is soramon)

® Source grogrammabis countors

&Nﬂtiﬂﬂﬂ! Semiconducior

Jure 1588

Quad 2-Line to i-Line Data Selectors/Multiplexers

Features

m Buffered inputs Bnd Mipus

m Typicel propagabon tme 8 ns

® Typical power disspebon 180 mid!

B Altemate Miltary/#ercapace device (54157 15 avail-
ahle. Comtast a Matonal Somiconductor Sales Cfficed
DChsgtribwibor for specificatlions.
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Absolute Maximum Ratings o)

it Military/Aergspace specified devices are required,
please contact the Matlenal Semiconducior Sales
Ormice /Distributors for avallabllity and specifications.
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Switching Characteristics sty — 5v ana T, = 26°C (Sea Secton 1 for Test Wavatorms and Output Load]

= = F
Symbal Parameher Fram {input) A, — 400, &, = 15 p Unita
To [Qutput) Mins Max
tppi Propagation Deley Time Data 1% ns
Leww B High Leval Cutput T
IphL Propagation Delay Time Cata i e
High to Lo Leval Cutput ko ¥
P Propagation Delay Tima Stroba = ok
Loy B High Lawed Dt put oY -
Tl Propagation Dalay Time Strobe at o
High to Low Lened Dutput to
tpLH Prapagation Dalay Time Salec: 23 e
Liow o High Level Dutput ta Y -
taHL Propagation Delay Time Seleo Wi -
High to Lows Lavel Outged i
Logic Diagram
187
Al ]
4}
L]
ny A
[
pa® .
[ 17
V2
p ™
[
&3 {41
L (=13
¥
ga
+
Ad {14a] e
f i13)
Bl 13 v
],
-
SELECT Il[}&ﬂi—[:}o—
STROAE [.!E?_..—:D—
TLAS AR







Physical Dimensions inches imilimaters)

ol 0 ol T P e 0 o B0

[?1?341"“ "1
3

73 I]*liﬂ
0.2z ?f

(8. 50=7.1
¥
P I i e o |
SR
—p \?f;]ﬂﬂ;:'ﬂ H?DTTF
0047 14, Di5
P i 1 At L gase-03z0_L
13| —a] £5.005 15781
,,,!.2'1-5],; T Tﬁiﬁtﬂ 1] T | ALASS SEaLanT
: £.020-0.057 ¢ b
D160 {"l R W )
[5.06] ] i 1
y 4.010 4 0.00]
= i 15 ] [o.25 & oles] VP
Tk " PE. P LR 3]
125-0.500 z DL G
Sia-s.08] T w -H | Tve
0.0ag 1
AL gyl Max == = I ol marn-nai
Batn EHDS T [T.ET- 10,48 B
DEIasa.0t
[rEaxmzs] TP Hr
18-Lead Caram e Dughn-Line Package ()
Order Number 54 157W or DM54157J
M5 Package Mumber J164
D40 = 0280 ot
10580 =19 21 j
r [238)
I L i :._
i
0,504 0.010
{E.360 4 0.064)
OFTIN 02 5 e
120 FOL05 i) _dETIR 0,300 0320 ST
| i [EETT fn.!zr - |—-— o o -l,ll-« N _| T |.._
&
0,145 = 0.200 1
{IEAT-coam) § 4 - T
T 5" L4308 = 3015
m“’m [TTTE . :IEf’ N T nze foams=os)
P ags-nase | noLE LS (RN
{3475 - 381 LT T T WK
0014 =023 = 01004 00140 {0,325 #0040
{2355 = B8] QBE0R LD LT ——Ede L L (v F)
2L EITED [noms OIS

16-Lead Molded Duak-in-Line Package (M)
Ordar Number BMT415TN
N3 Package Number Hi6E




54157/DM54157/DM74157 Quad 2-Line to 1-Line Data Selectors/Multiplexers

Physical Dimenslons inches imillimetees) (Continuad)
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